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DEST CCATION OF MICHOORCANISMS AND BIOLULICAL FREPAHATIONS

THTRODUCTION

In carrying out measures to control infectious diseases in
farm snimals no small role is played by the improvement of methods
for using and preserving commercial and lavoratory bacterial
cultures, filtreble viruses, and biclogical prfep;rations. The
necessity foi défreloping‘ 1ew methbdé ln ﬁ'x:‘i\.’s i'li;:ldv 1s ’\;oic’:eu by :
" the demands of scci&list animal hus‘gamiry.\.* . ; : :

The search-for methods for the prusw\}ation over.a long i e

time of the biological properties of microorganisms and filtrable
-viruses as well as the sctive prop ] biclog

tions is of practicel as well as theoretical importance.

The mcthods for preserving the biochemical and virulent
properties of miercorganisms in nutritive media are as yet far
from perfect since the buacterial cultures st times radically
change properties under the influence of the medium. The preser=
vation of virulent propertics of commercisl bacterizl cultures
and filtreble viruses by passing them through the bodies of larger
animals necessitates suostantial material expenditures anu even
then this method preserves the viruient properties for comparatively

short periods, messured in terms of several months.

At present there are many facts which confirm the variability
of micreorzanmisms when preserved in nutritive medis. This can be
explained byithe fact that the nutritive medis are not strictly
constant in their physical anu: chericsl propsrties. In addition
changes in the media connected with metabolic processes of the

nmicrobes have an effect on the biological properties of the latter.
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with cultures of bacteria anu filtraule viruses at research
institutes and plants producing biolcegical products the most
important problems concern the preservation of the oriiinal

biclogical properties.

The preservation i biclogical preparations in & iiquid

form (living bacterial vaccines, certain immune sera, and penicil-

1in) creates a numbzr of difficulties connected with the fact

that these preparations soon lose their active properties.  For. o

B
UILLE T L
current methods employed in the production, use, and preservation

of dry cultures, viruses, and biological preparations.

The most effective method, as shown by the experience of
recent years, is that of drying. The drying of bacterigl cul tures,
filtrable viruses, and biological preparations has become wide=
spread in medicsl practice especially since the proposal of new
principles regarding drying and the apparatus. In veterinary
medicine however the technology for producing dry bioclogical
preparations has hardly been developed snd the theoretical
questlons involved in drying cultures of microorganisms and
filtrable viruses and in their preservation in a dry form have

In this connection it was thought to be

hardly been studied.
timely, from our point of view, to start on the search for better
methods for the preservation of bacterial cuitures, filtrable

viruses, and biological preparations prepared for veterinary praciice.

In this book, along with a survey of monographic studies of

the problems of drying biological preparations, cultures, and viruses,

we have given considerabls attention to our own research in this

field since these problems have not yet been satisfactorily solved.
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In our resesrch we started from materialist kichurinist

conditions surrounding the microorganisms and bioclogical preparae=
tions, could be useful and scientifically correct in solving the

problems before us.

Since the state of protein substances cepends on the sure
rounding environment, in ‘order to solve tﬁe p'r’obléu-,s ’of prcserving
the active properties of pac?erial cultures, filtrable virusesr.,_»» :
and biological prepa zstiohs over'a ~iong;; period of time it was i

necessary to create a new enviromment by. drving. end storing wnder

Va cuume

In carrying cut our resesrch in this field we aimed at

accomplishing the following: (1) develop methods and improve

apparatus for drying microorganisms, filtrable viruses, and

biological preparstions with the aim of preserving them for a

iong

o

ime; and (2) study the biological properties of the dry
bacterial cultures, f'ltrable viruses, and biological preparations

during storage.

The methods which we developed for drying in a vacuum from

a frozen state make it possible to preserve bacte

culturass,

filtrable viruses, and biological preparations for a very long time.

The use of these urying methods permits the microbiologist

to foresee the behavior of the bacterial cultures and viruses when

setting up special experimenis. In addition these methods account
for & marked economy of material which is usually expended in the

preservation of bacterial cultures and viruses by the usual method

of passing them through inoculiated larger animals. The method of
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drying bacterial cultures and filtrable viruses has great signi-
ficance for the blological incustry since the strains needed for

work in immunclogy can be kept in a‘dry state for a very long time.

The use in practice of dry vaccines and serum prepsrations
and penicillin permits us to carry out control measures agsinst

infectious diseases of farm aninmals more successfully,

CLAPTER T. KISTULICAL SU

In microbioiogical practice attention has long been given to
the problem of producing dry biological preparations and bacterial
cultures, Yor example, the method of drying antitoxic sera for

purposes of standardization has bheen in existence sines. the end

einee- ena
of the past century. The possibility of preserving toxins and
antitoxing in & dry state has permitted their use in practice as

international standards even up 1o the precent time.

The drying method has special significance ior the long témm
preservation of virulent properties of microorganisms anc filtrable
viruses, as well as serum preparations and penicilling, all used

for preventive inoculations and therapeutic and diagnostie purposes.,

Sometimes it is difficult to preserve such typ

WP

ical features
of microorganisms as their toxic and virulent properties and the

biochemistry of their cultures

14 s 1Sia8n

for prolonged preservation of strains on nutritive media made
necessary frequent reseedings, The latter not infrequently leads
to a change in the standsrd features of the stirains and their
virulent properties in particular, As for the preservation of

filtrable viruses, here we have even more difficulties in view of

the slight resistance, as & rule, of the viruses to the activity of

the surrounding medium.
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A,ttempts of several investigators to develop & method fer
over chemical ausorbents or in heated drying chambers did not
glve positive resulis.

Shackell (190¢) made a report on a new principle for drying

from a frozen state in & vacuum. The author used this method in

ying fixed rabies virue and guinea pig complement. . however

"Shackell's sxperiments did not attract the attention of researchers

for the reasen that they were of an unsystematic nature. . ...

In the years followilg, many investigators made experiments -
o1 “drying bacterial cultures, filtrable viruses, and -blological. !

preparations with contradictory results.

Bacterial Cultures

I 1916 1. L. Serbinov first pointed out the prest resistance
of microorgenisms to drying. 4ccording te his data, cultures of
Azotobacter preserved their viability for 160 days following drying

in 2 desiccator. The suthor likewise reported on the extraordinary

resistance to drying of the Lactobacilli.

Later there periodicslly appeared in the scientific litera-

ture isolated communications on drying bacterial cultures. hLowever

this method was not used for s long time for the prolonged preserva=

tion of bacterizl cultures.

After 193u medical research institutions started to work
out methods for drying bacterial cultures, filtrable viruses, and
biological preparations and soon positive results were obtained

in this field.
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In 1942 A. Klimentova, K. Kurk, and G. Yarmol'chuk (All-
Union Institute of Lxperimental Medicine) made s report on results
of drying cultures of Corynébacteriwn diph‘a’he‘ria and Shiga's ’and
Flemer's bacilli. During the initial stage of their experiments
these authors dried these cultures in a vacuum desiccator over
calcium chleoride and then in a manifoldetype apparatus. By testing
the dry cultures obtained it was established that the diphtheria
bacteris preserve their cultursl biochemical and virulent properties
for 4 years while Shiga's and Flexmer's bacilﬁ preserve their

cultural, toxigenic, and agglutinogenic properties. for 6 years.

he e Konova and 1. S. Bazllevskaya used a culture drying

method for the preservation of their biological properties. In a
work published in 1938 the authors reported on drying bacterial
cultures in a desiccator over calcium chloride in a vacuum without
preliminary freczing. The drying process in each individual case
lasted 2-3 days. In testing the toxicity of dry diphtherial strains
it turned cut thet it was more pronounced in the dry than in the

original cultures.

In 1540 N A. Kazberyuk reported on the successful drying
and preservation of bacterial cultures of Shiga, Flexner, and Hiss
dysentery and paratyphoid fever. He dried the cultures in a

frozen state in a vacuun desiccator for 2-3 days.

In 1941 S. S. Rechmenskiy successiully used a method for drying
microorganisms from a frozen state in & vacuum apparatus. In his
experiments Hechmenskiy used a saprophytic strain of Vibrio aquatilis
and a culture of Escherichia coli for the purpose of preserving

their biological properties for a2 long time.
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In 1940 N. 8. Itter described his experiments in drying
streptococcal cultures from a frozen state in a vacuum desiccator.
The dried cultures were kept in test tubes mither sealed with
peraffin or fused shut. When 16 dried strains were tested it was
found that 5 strains preserved viability for from 3 to 5 months,

7 strains from 6 to 8 months, and 4 strains from 9 to 11 months.

K. Ye. Dolinov and k. B. Balayan in 1946 described s method
for drying pneumococci from a frozen state in a high vacuum., As a
protective medium during drying the authors used a nutritive broth

and serum, the latter being the more effective. By using this

method, the authors point out, it is possible to preserve permanent

cultural biological prdpert.ies of pneumorocoeci for 38§ months,

N. N. Titov (194%) dried staphylococei, Hberthella typhosa,
and Mycobacterium tuberculosis from a frozen state on filter paper.
The dried microorganisms, sealed in pipettes under a vacuum, kept

their viability for more than a year.

In 1948 Yu. «. Kozlov, B. S. Del'nik and V. V. Vinogradov
reported on the use of method for preserving muscum cul tures in
a dry state. The authors dried cultures of Lberthella typhosa ,
4 ard B paratyphold bacilli, Brucella, staphylococci, Escherichia
coil, ete. The frozen cultures were dried for 6 hours in a vacuum.
As a drying medium the authors used s 10% solution of saccharose
and 1.5% gelatine. As a result of their observations of thr dried
cul tures for a year it has been established that many labile cultures

may be preserved by the drying method.

Foreign scientists have likewise been occupied with the
search for methods for long term preservation of bilological preparae

ticns and bacterial and virus cultures.
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In 1935 a report was published on experiments carried out
in drying meningococcal cultures from a frozen state under
vacuum. Years of observations showed that dry meningococcal
cul tures in a vacuum preserve their cultural biological properties
for a very long time and may serve as standard samples in the

work of research and educational institutes.

Cultures of meningococcl, dried in a2 -high vacuum refrigera-
tor at a temperature of L0O° for a period of 48 hours, standing in
a desiccator at room tempefat.ure fof 3 hours, and then stored in
sealed test tubes without vacuum preserved visbility tor 89 days
in ﬂhe case of 2 strains—g\g(;for 151 days';.'in the case of i strains.
In this instance the cultures could not be kept successfully in a

dried state which would indicate incomplete dryings

Cultures of pneumonococcei, dried in a mixture with rabbit
blood by an open method at room temperature preserved their
viability for from 2 to 13 months. The strains of avirulent pneumo=
cocei (roughetype colonies) retained viability much longer than the
virulent ones (smooth colonies). Such a short period of preservae
tion of viability in dry cultures must be explained by the fact that
the cultures were stered without vacuws as well as by the fact

that the drying method used was not very effective.

A study of the effect of the medium on the results of
drying cultures of Streptococcus pyogenes and Escherichia coli
indicated that colloids (starch, gastric julce, and peptone) used
in the form of 1% solutions have more pronounced protective
properties that solutions of crystalloids (sodium-chloride,
tryptophan, xyloss, glucose, and sucrose). The best results are
obtained from drying media consisting of a mixture of colloid

and crystalloid solutions.
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Positive data on drying ing viebility and other
spoken of before, were
obtained by Klimentova, Kruk, Yarmol'chuk, Dolinov and Balayan,
Kolesov, Rechmenskiy, etc. The success of Soviet scientists can
be explained by the fact that in their work they have been
guided by the basic tenets of Michurinist biology, the doctrine
of the decisive influence of the surrounding medium on the

development of the living organism. . In auc ition,. their research

has had a systematic character and has been carried out with a

large number of specics of wicroorganisms.,

Of special importance for medical and veterinary practice
is the arying of living bacterial vaccines which makes it possie=
ble to preserve the immunogenic properties of these preparations

for:a long time.

K. Ye., Dolinov has for a number of years been preparing a
dry BCG vaccine, using the method of drying in a manifold
vacuum apparatus from a frozen state. For a drying medium the
author has used a glucose solution. The BCG vaccine, when dried

by this method, retained its immunogenic propertids for a year.

D. ¥, Fedorov, A. A. Batyreva and O, N. Kocher'yan reported
in an srticle published in 1944 on experiments which they had
done on producing a dry BE& vaccine in & vacuum apparatus at low
temperatures. In drying the vaccine the authors used 25% normal
horse serum, Calmette's fluid, a physiclogical saline solution

motherts milk ss y media. The best results were ob-
tained using serum. In testing the dry BCG vaccine it was found
that 1t retains its viability and active properties much longer
than the liquid vaccine.

-9
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L. I. Nakhimson and F. i, Neymark (.948) reported on positive
results ifx drying BCG vaccine from a frozen state in a vacuun;x with
10% sucrose and 1% gelatin for a drying mediume. The authors indie
cate that this medium assurss the preservation in the dry vaccine

of up to 20% of the living becterial cells.

Yu. &+ Kozlov in 1948 published data from his experimen ts
in freeze-drying BCG vaccine in a vacuwi. Tor & drying medium he
added to thie vaccine 10% sucrose and 1.5% ‘gelatin, or 10% 8UCIOSE,

1,5% gelatin, and 0.1% agar. The author pointsiout the advantages

of the drying media which he used over giucosefas régards better.

k. b, Lorofeyev and V. M. Putimov in 1945 proposed a method
for preparing a dry brucellosis vaccine for inoculs ting catile
from strain 19. The dry vaccine when tested on lavoratory animals

and cattle was stzble and suitable for use in the field.

He Mo Faybich in 1946 reported on the prepsration of a dry
living sucrose-gelatin plague vaccine from the £. V. Girard and
Robiquat strain by drying it in a vacuum. The dry plague vaccine
thus obtained differed radically from the liquid vaccine since,
when kept in a refrigerator (2—&0), it retsined potency 36 times
longer than did the liquid vaccine. The great stability of the
bacteria in the living plague vaccine can be explained by the
fact that the vaceine was freeze-dried in a high vacuum and a 10%

sucrose solution and 1.25% gelatin was used as a protective meaium.

M. M. Paybich and T. S. Tamarina (1946) worked out a method
for meking a dry living tularemia vacecine by vacuum freeze-drying.
The authors made the vaccine from the attenuated strains Gaysk

muskrat IV and No 15, using a 10% sucrose solution and 1.25% gelatin
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white mice and guinea pigs showed that it retains its imnunogenic
properties for 1.5 years when stored under vacuum in vials at a
room air temperature of 2«4° ., The results of using dry vaccine
in medical practice has demonstrated its great advantages over the
ligquid form by the fact that it remains potent for 1.5 years

instead of 12«15 days.

Filtrable Viruses and Virus Vaccines

T. Ya. Vannovskiy (1932-1933) reported on the experiments ]

PRI

Ut o drylug the sheep pox virus in a

vacuum desiccator over sulfuric acid. When testing the dry sheep
pox virus for virulence he established that within 3.5-9 and even
14 months after arying the virus was capable of inducing a tipical
local reaction when sheep were inocuiated. The virus was avirue

lent when tested after 18 months.

In veterinary practice dry vacecine is being used to control

fowl pox (dove pox virus). The preparation method consists of

drying a2 liquid vaccine in a vacuum desiccator over calcium

chloride. The dry mass is pulverized in a mortar. This vaccine

however has a limited keeping time (3 months) due to imperfections

in the preparation method used,

K. N. Pochechuyev in 1936 reported on the preparation of

thermostable smallpox calf lymph by drying the virus in a thermo-

stat at 37° for 9-}0 days. For a protective medium when drying

the virus the suthor used gelatin, eggwhite, horse serum, gum

arabic, and ox bile. When tested after 9 months of storage at room

temperatures reaching 43.5° , the smallpox calf lymph, dried in

gelatin, preserved virus activity better than that dried in any

other medium.
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A+ A, Belyayev (1941), by studying the effectiveness of dry
Bmallpdxvvaccine, established the possibility of presefving iﬁs k
activity for a iumg period by drying. The vaccine was freozee
dried in a vacuum. As a drying medium the author used lactose or
eggwhite. The vaccine dried in lactose was more sffective, ac=-

cording to Belyayev's data.

Other results were obtained by M. A. Morozov, M. I. Korol'kova,
Se 8. Kasstkevich, and K. Ye. Dolinov (19i1=1942) in the preparatien

of dry smzllpox vaccine by freeze-drying in a vacuum apparatus, For

a-crying medium the authors tested sucrose, cggwhite, and a physio-

nglcaJ; solution, with eggwhite being the best medium for preparing.
dry vaccine. 4ccording to the data of these authors the activity

of dry smallpox vaccine was retained for 18 months,

A. Klirentova, R. Kruk and G. Yarmol'chuk dried the virus of
European relapsing fever. The virus thus dried retained its

properties for 21 months,

D. A. Tsuverkalov (19uL) made a dry ovinia preparation for
vaccinating sheep against smallpox. The virus was dried under
the dirsct action of calcined slumina over dry potassium hydrate
in a vacuum. This dry ovinis prepardtion retained its active

properties for 10 months at temperatures reaching 30-32°,

In the Institute of Neurology of the Academy of Medical
Sciences (section of neurotropic virus infections) headed by
academician M. P. Chumakov) a method for drying filtrable viruses
from a frozen state in a vacuum apparatus has been used since 19il.
The causative agents of human and animal encephaliti
Crimean hemorrhagic fevers, influenza and choriomeningitis viruses,
etc have been dried. According to M. P. Chumakbv's data, this
method mede 1% possible to preserve under vacuum all the viruses

indicated and to use them in experimental work.

-12 -
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. In 1932 2. methed wag describe
malignant tumors in pouliry csused by filtrable viruses (Rous
sarcoma, Fudjnemi microsarcoma). The dried tumor tissues were
tested soon after preparation and after being preserved for 10
months in a vacuwm or in dry nitrogen. As a result of these

tests it was established that the drying process for tumor tissues
did not have a harmful effelct on the virulence of the filtrable

viruses, The dry viruses obtained by this method caused a typical

disease and death in the expected period when poultry were inoculated.

In 1942, thanks to the drying method, it was made possible
to keep e distemper virus Tor a iong time. In s froden state
splenic pulp from a dog with distemper was dried in a vacuum ap=-
paratus and kept in vacuum vials or co}‘fered with dry nitrogen.
When tested for virulence on ferrets U430 days after drying the dry

"

virus caused the diseasze and the death of the animals in the

established time limits.

Therapeutic Sera and Penicillin

In veterinary practice in the USSR H. N. Levitov and D. A,
Tsuverkalov were the first to pose the question of the preparation
of a dry vaccine against melignant anthrax for use in veterinary
and medical practice. They obtained a concentrated anthrax serum
by using acetone to precipitate protein fractions containing-anti-
bodies and then drying them with ether. When tested for activity
in rabbits the dry anthrax serum had pronounced immune properties.

However this method did not find acceptance in practice.

In 1940 the work of G. Ya. Rozenberg was published, dealing
with the production of dry humsn blood plasma and serum.. In 19uli

G. Ya. Rozenberg reported on an apparatus which he had designed

-13 -

Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81-01043R000400010006-6



Fayw 8 1
oy - 4aryin

drying purpesas and

studying dry plasma and serum. Ihe plasms was dried for 5-7 hours

in a vacuum without preparatory freezing., In order to obtain

totzl solubility the author added glucose t the original prepara-
tions. Tests of dry plasms and serum & year old showed them to be
highly effective for human and rabbit transfusions in cases of
great blood loss. When testing for physical and chemical properties
the author established that the dry preparations obiained were com=
pletely soluble and retained all the physical and chemical facters

which had been determined before drying.

In 19u3 be G ;- reported the production of dry
plasma and serum and their use in clinical practice. According to
Bogomolova's data, the drying method was perfect, guaranteeing the
preservation of all qualitative properties of the plasmé and serum
for 2 years. wuen the author tested she cry preparations for
physical and chemical properties she did not find any substantial
deviations from the original. Experiments in using dry plasma and
serum in animals and human beings showed that the dry plasma and
serum have pronounced hemostatic and blood substitute functions in

loss of blood, dystrophy, and other diseases.

Positive results in the production of dry anti-measles sera
were obtained by L. I. Kolesnikova and &, V. Kholchev (1939-1943).
They dried frozen sera in & vacuum apparatus. The dry sera were
easily dissolved in & rhysiological solution and were effective

for a period of 2 years.

T4 tov published data from his experiments in
drying biological prepara tions. The first experiments in drying

eutic veterinary sera were carried out with a spray-disk

-l -
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apparatus in air heated to 110° however when tested at the State

the sera dried

by Titov were contaminated with foreign microflora. The author

later used an improved method for drying the medical biological
preparations from a frozen state in a vacuum chamber and positive

results were obtained,

In 1935 a new method was suggested Tor preparing dry convae
lescent seraagainst scarlet fever and measles and other biological ™
preparations. - These sera were freeze-dried under high vacuum.

The dry convalescent sera gave positive resvlts when used in a

concentrated { a ] z fe &G measles.

A number of works reported on the extensive use of a method
for drying human biocod serum and plasma for therapeutic purposes
as a blood substitute in cases of blood loss or other diseases.
The drying was done from a frozen state in a specially constructed
vacuum apparatus. After drying the flasks with the serum and

plasma

It is also necessary to point out the extensive use of
penicillin therapy in medical practice. fecently penicillin has
been showing up in veterinary practice for treating strangles,
swine erysipeles, and certain other diseases. Penicillin camnot
be used in practice in a liquid form as a theraspeutic agent since
it is unstable and can be kept for only a few days. In view of
this fact; penicillin is used only in a dry form. Dry penicillin
keeps its therapeutic properties for a very long time (for a year
or more). In the Soviet Union effective methods have been developed

penieilliin which are much superior to those in use in
ries. It must be pointed out that the success of
great extent and still dspends on
the method for freezeedrying penicillin in powerful vacuum chamber
apparatus.
=15 =
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Diagnostic Preparations

In 1939 T. 8. Aveees ; “ted on’ the preparation of &
dry trypanosomic antigen for use in the complement fixation test.
The drving was done in Petri dishes, kept for several days at 37°,
The dry trypanosomic antigen was active and usable for several
years. M. I. Fedorovich (1942) for a long time uéed dry antigen
diagnostica prepared fron typhold and paratyphoid A and B microe
organisms for the agglu}tina tion -test. The author dried the anti- %"
gens in a hoteair chamber ’ab 37°, 4n an apparatus with air—watér .
heat at UO-L5® and in-a desicca tor: 6ver calecium chloricié.x ihe‘ =
dry antigens fefained‘pfonounced agglutinative properiies

months,

From the reports of Baglikova on the production o cul tures

for dlagnostic purposes by drying on filter paper in a vacuum at
room temperature it is apparent that a dry phenolized culture of
Proteus X=19 retsined its activity for only 3 months. Px;e;npts

to use this same method in preparing typhold and paratyphoid
cultures for diagnostic purposes were unsuccessful, A, M.
Poltinnikova (1942) obtained dry cultures for diagnostic purposes
and bacterial preparations by various drying methods, including

in a hot-air chamber at 37°, acetone and ether, alcohol and ether,
in a vacuum apparatus at -78° and in an "anaerostat." Of all these
methods only that of the vacuum apparatus at ~78° was reliasble for
the production of high grade preperations. When cultures of
typhus bacteria snd Flexner's and typhoid fever vaccine, freezee
dried in a vacuum, were tested, A. M. Poltinnikova establishad
that dry vaccine and cultures for diagnostic purpeses had the

qualitative properties as the originals.
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A. Klimentova, R. Kruk, and G. Yarmol'chuk found that the

i v b d v 22 e
dry ggetutinatliy

=Rl

sera of Ohiga's and Fiexneris cultures, and

paratyphoid B and typhoid fever retained completely their activity
titer when tested 2 years after drying. In the labora tory of

the Central Institute of Ipldemiology and Microbiology K. Ye.
Dolinov successfully prepsres dry agglutinative sera for practice
in large quantities. Laboratory practice has shown that dry sera

retain thelr active properties for a very long time (5=6 years).

ﬁr_y serum from ‘guinea pigs is being used for the complemsnt
fixation test in veterinary and medical practice. However there

are a number of conflicting reports on. thi

8 onestion
8 .quasiion,

Brin and Kolesinskaya indicate that dry complement is good for 30
months for use in the complement fixation test. B. I. Kurochkin
reported, after making a comparative test of several series of
dry complement, that after belng scaled for 4 months in a flask

with a rubber stopper at room temperature the complement loses

25% of its hemolytic strength, after 7 months 60%, and after 10

months 85%. 8. &, Rechmenskiy, Ye. L. Gorokhova, and others found

it possible to make prolonged use of guinea pig complement freezee=

dried in a vacuum apparatus snd stored wnder Vacuum.

It can be considered unquestioned that the activity of

complement may be stabilized for a long time only by freeze~

drying under vacuum and storing the dried complement under

vacuum conditions. The divergent results of testing the dry

complement must be explained by the fact that the drying methods

were apparently not very refined and the complement was stored

without a low vacuum.

v
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Bacteriophages

» 'fhere is a conf;radicto}y nature in the reports on the
preparation of dry mone and polyvalent bacteriophages for certain
infectious diseases. The method piroposed by F. Ye. Sergieynko in
1943 for drying the dysentery bacteriophage consists of drying
the bacteriophage in a mixture with starch and normal horse serum
in a hoteair chamber at 37° with cslcium chloride as a moisture

absorbent,

it was later estabiished however that the pii of the

. s )
drops to .2=b:4, .88 ongee

quence of which its activity likewise drops. Yor this reason the

bacteriophage was slightly alkalized before drying.

The drop in pH of dry bacteriophage during storage can ap-
parently be explained by the large asmount of residual moisture in

it (10-12% after drying in 2 hoteair chamber).

B. I. Gol'dshteyn, G. M. Frenkel', and M. B. Gintsburg
(19h) developed & method for making a dry dysentery bacteriophage
by adding 600 g of ammonium sulfate to one 1it of original bacterio-
thage, The authors took off the film which formed at the top,
pressed out the liquid and mixed it in a mortar with 7.5 g of
caleium carbonate and 10.25 g of anhydrous sodium sulfate until
it formed a free-flowing dry mass from which the tablets were then

formed. The dry bacteriophage thus prepared was usable for 11 months.

4. Ye. Kriss (1943) produced a dry dysentery phage vaccine
on concentrated bacteriophage and dysentery vaccine. The dry

dysentery phage vaccine, according to the author, had pronounced

immuno genic properties.
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Vo V. Avrekh, A, N. Kalugina, and others in 1946 published
the results of a comparative test which they made of the active

properties of dry a

el o} e ~ e v
id ligquid bactericphagss.

The authors indicate that the dry bacteriophage prepared
by F. Ye. Serglyenko's method was, as a rule, of sliphtly active

lytic, antigenic, and agglutinative properties.
3 ) ee prop

A. 1. Corokhovnikova established that dry dysentery

bacteriophage, prepared by F. Ye. Sergiyenko's method, retains

its activity for only 4eb months instead of the 11 months ob=
tained by the author who proposed the preperation. M. M.
Priselkov (1948) tested the activity oi dry dysentery “r;acteriophage
prepared by F. Ye. Sergivenko's method in parallel experiments
with liquid bacteriophage and found that the dry preparation has
less pronounced activity. Approximately the same resulis were ob-
tained in experiments carried out by $. B. Dubrovinskiy, V. D.

Rozenfel'd, and %Z. A. Roshchina (1948).

Desiccaters and Drying Cabinets

For a long time it has been necessary to use desiccators

and drying cabinets of various designs in drying biological preparations.

Vacuum desiccators have ordinarily been used for drying small
quentities of antitoxins, toxins, and certain labile bacterial
cultures. The drying process in these desiccators was carried out
under vacuum. For absorbing moisture, use was made of granulated

CaClp, KOH, PpOgs and other chemical absorbents which effect pre-

0
liminary desiccation to & constent weight at 180 .
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test tubes or cylindriecal
‘vessels i placed in‘a desiccai
the 1id is closed tightly with vacuum grease. Then the air is
pumped out of the desiccator with an oil vacuum pump. Air is
pumped out periodically as leng as the drying process lasts in

order to maintain the vacuum at a specific levels

When the drving is taking place in large desiccators with
sulfuric acid as the absorbent, a high vacuum @p to 1 mm in the

mercury column) is necessary to accelerate the dehydration process.

In order to increase the absorptive capacity of the sulfuric acid,

quickly become saturated with moisture. In order to spesad up the
progess of drying certain serum and thermostabile vaccine prepara=
tions, they are placed in simple drying cabinets, drying cabinets

with fans; vacuum chambers, and vacuun "anaerostats.”

a rule, in simple or vscuum drying cabinets drying takes
£ 38-40°, The cabinets are heated electrically or with

some cases the drying process 1s accelerated not only by
heating but by the use of chemical molsture absorbents (CaCly, KOH)
which are placed in the drying eabinets along with the material
for desiccation. For instance, Fornet's drying cabinet has a de=-
vice in the form of sensitive beam balances. The balance is con-
neeted with the dish in which the material is placed to be dried.
The degree of desiccation can be determined by observing the

pointer of the bslance.

In the vaéuum anserostat the material to be dried is placed
on spécially adapted shelves. In order to speed up the drying

ss a chemicel ebsorbent may also be placed in the anaerostat.
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the walls of the apparatus and is heated by an electric

element (Figure 1).

At one time a drying apparatus with sir and water heat
was widely used {ligure 2). The water, which filled the hollow
space between the walls of the apparatus, anu the air are both
heated by electric eclements to 30-&00. : I’he rot air is i‘orced

into the chamber by a fan. Dr; ing is:considered finishea after -

the material has been dehydrated to a satisfactory degree and it

can easily be ground tw a powder.

The technology involved in drying is the" samé'i'or all
apparatus of the cavinet type. The open drying methed ié also ’
used. In this case the material is poured in & shallow layer
into Petri dishes or shallow pans, placed in the chamber and

dried until a solid state has been reached. The preparation thus

ii @

[

prepared is ground to a powdser

and kept in tightly closed bottles.

The amount of residual moisture in preparations dried by

this method frequently varies since it is very difficult to maine

tain constant technological conditions in this method. In view

this, ihe quality of biological prepurations drisd in these

of

cabinets was likewise not always satisfactory. A great defect

of the drving cabinets is the impossibility of obtaining a sterile

preparation as well as the length of the drying process. In addi-
tion, as has been established, the preparations which contain

animal protein lose certain physical, chemical, and biological

propertiss during cabinet drying as a consequence of the denatura=

tion of the protein. The less of these properties diminishes the

solubility and activity of the dry preparations.

- 2] =
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Spraeying hpparatus

Many biociogical suvstances are dried in largs apparatus by
spraying in hot air. The defect of these apparatus is the fact

that a sterile product cannot be obtained in them.

The problem of the preparation of a spray apparatus for drying
human plasma ar;d serum was successfully solved by G. Ya. Rozenberg.
The author designed a spray apparatus (Figure 3) in which dry
sterile plasma and serum could be produced in 5-7 hours. Drying

~'in a spray apparatus takes place under a high vacuum which causes

. the formation of feam on the plasma and serum entering the drying

sprayed plasma condenses in 2 fine layer on the inner

ampule and dries very rapidliy.- In this apparatus the
water vapors from desiccation are absorbed by a refrigerated con-
denser located in a specisl bath with a cooling mixture (refrigerant).
Tn order to speed up the drying process for serum the drying ampule
of the spray apparatus is heated in a water bath at a temperature of

37.0°.

The spray apparatus developed by G. Ya. Hozenberg is
thorouzhly effective in drying a small quautiﬁy of human plasma
and serum. 1t has also given a good account of itself in the
preparation and use of these preparations in field and clinical

practice.

Manifold Vacuum Apparstus

The advantages of preliminary freeszing of bacterial cultures
and biological preparations in drying was confimmed by some investi-

gators who did research in this field. It was established that the
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freezing of immune sera and other biological substances eliminates
the denaturation of protein and the loss of certain of their
physicsl and chemical properties observed in the simpis drying
method. Nevertheless the method of drying biological substances

from the liquid state in drying cabinets and desiccators has been

employed for a long timeo

The method of drying from a frozen state was first used to
preserve labile microorpanisms and certain diapnostic preparations.
In 1921 2 method was described for producing dry bacterial cultures.

The cultures of microorganisms subject to drying were poured into -

test tubes which were placed in a desiccator, following prefreezing

was covered with glycerin as a conductor of cold while phosphoric
anhydride was placed in a copper dish inside the desiccator te
serve as a moilsture absorbent. The lid of the desiccater was
closed tightly by rubbing it well with a vacuum grease and the
desiceator was placed in @ bath with a cooling mixture. An oil
vacuum pump wae used to extract air from the desiccator and, with

a vacuum of 2«3 mm on the mercury column, the whole apparatus wus
placed in a refrigerator where it remsined until the drying process
was finished. Test tubes with the dried bacterial cultures wers

filled with paraffin or were scaled shut.

4. Klimentova, R.
used & vecuum device for drying bacterial cultures and sera

{(Figure L), Experiments employing this apparatus in drying
bacterial cultures and sera were performed in 1934 at the All-Union
Institute of Experimental Medicine. The cultures and sera were
dried in a frozen state under a vacuum of 3 mm on the mercury column,
created by using an oil vacuum pump. Calcium chloride or phosphorus
anhydride were used as moisture absorbents. Ampules with the dried

cul tures were vacuum-sealed by fire.

- 23 -
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The method for drying in desiccaters was no longer used.
This can be explained by the insufficient production of the
desiccators and the absence of the opportunity to employ constant

cooling conditions and to create a high vacuum.

In 1935 an apparatus was proposed for preparing dry human
convalescent serum (Figure 5). The basis of this method was the
principle of preliminary freezing of the preparation and further
drying in this state under a high vacuum. For condensing water ’
vapors the authors used a refrigerated condenser cooled by dry

ice and methyl "Cellosolve" at a temperature of =759,

The drying vrocess in

The term "lyophilié" characterizes the origiﬁai and undissipated

capacity of the dried material for solution which indicates its

unimpaired colloid chemical structure.

In 1937 Vzorov, Lang, and Kocher'yan made the uH0 HIli-i
vacuum apparatus with radially located ampules around a chamber.
The moisture evaporated from the ampules containing the
material for drying is absorbed in this apparatus by calcium

sulfate placed in the chamber of the apparatus.

The material for drying is frozen in advance by dry ice
and alcohol at 8 temperature of -75°, Urying takes place under a
high vacuum. The authors believe that this apparatus is perfect
and assures the production of high grade dry bacterial cultures
and biological preparations. For instance, they achieved positive

results in drying certain bacterial cultures and BCG vaccine.

The advantage of the 0 RIRM-L apparatus ic the fact that
the ampules with the material to be dried can be attached radially
to the chamber with the absorbent and thanks to this the drying
process can be greatly speeded up.

-2 -
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Comparing the principles of absorption and condensation
of water vapor in the lyophilic process and in the method
described in 1937 by V‘zrov, Lang, anﬁ Kocher'yan, 11;‘ must bar
pointed out that the method proposed by the Soviet authors is

the better,

The method for condensing the water vapors in a refrigerater
is more complex and expensive since for this a very low temperae
‘ture must be provided (-75°%, -78°) by dry ice ana alcchol. On the

other hand, the absorption of water vapors by calcilum sulfate does

not require much material and assures good drying of . bacterial .

cultures, diagnostic agents, and ceridin preparations.

In 1938 the so-called cryochemiéal method for drying in a
manifold spparatus was described (Figure 6). This method is
distinguished from the lyophilic process by the fact that during
drying the water vapor is absorbed by a chemical absorbent,
calcium sulfate. Az a consequence of this apparatus, the drying
process is likewise distinguished from the preceding onmes only b3
the fact that the manifold is connected directly with the chamber
containing the calcium sulfate. Otherwise, everything including
prefreezing and other processes is identical with the previously

proposed method.

The construction of the radial menifold apparatus {¥igure 7)
is characterized by the fact that in it the manifold has radial
lateral branches and is located in the fom of a flange above the
main condenser. The main condenser is a flasklike vessel inserted
into a hollow metal tank containing a cooling agent (dry ice and
alcohol) for cooling the condenser at a temperature of -78°. Into
the condenser is inserted a glass tube connected with a pipe pass-
ing te the vacuum pump through which air is extracted so as to

?

- 25 .
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create a high vacuum throughout the entire apparatus. The hermetic
né ture of tlic apparatus is provided by metsl rlanges and. packing at

spots where the various parts join.

Water vapor passing from the radial ampules containing the
material to be dried condenses and is converted into ice on the
inner walls of the condenser. In addition, the apparatus has an
auxiliary condenser ("trap") containing the agent mentioned above

for condensing traces of molsture which may not be caught by the

main condensers

The degree of vacuum in the apparatus is determined by

uéing a vacuum device and reaches, as a rule, 0.005 wm on the
mercury column. The drying process lasts 30 hours after which the
flasks with the material are vacuum-sealed and stored in a
refrigerator. Despite the jositive evaluation given by investi-

gators this apparatus has not been widely accepted.

8+ 5. Rechmenskiy in 1941 described a method and device for
drying biological preparations and microorganisms. lis vacuum ap-
paratus consists of a Langmuir mercury pump, a manifold, a vessel
for drying the cultures, a condenser placed in the vessel with
the cooling agent, a mercury vacuu: manometer, and an oil vacuum
pump. The material to be dried is packed under sterile conditiona
in ampules and frozen by dipping intc acetone and dry ice at a
temperature of -72° or into liquid air at a temperature of =180°,
The drylng process takes place under high vacuum. The ampules

with the dried cultures are vscuume-sealed with fire.

In some medical bacterioclogical institutes manifold vacuum
apparatus are at present the principal ones used for preparing dry

living vaccines, diagnostic sera and bacterisl cultures. In one
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of the largest bacteriological institutions of the Soviet Union,
the Centra) Institute of &pidemiology and lﬁcrobiology, they use
mamifold vacuwn apparatus (Figure 8) constructed in the insti-

tute's shops and in the medical apparatus factery from K. Ye.

Dolinov's drawings.

The materiel to be dried in these apparatus is packed into
sterile ampules and prefrozen in a cooling mixture consisting of
[ . N . .

ice and table salt at a temperature-of --2G". - The ampules with the

frozen preparation are attached te the manifcld of the apparatus.

Drying takes place under a hrigh vacuum (50-100 rmlcrons).u :The .

degree of vacuum in the system is determined by .a Dolinov mercury.: e
vacuum manometer. Water vapor from the material being dried is
absorbed by calcium sulfate in the chamber to which the manifold is

attached.

in the section on neurotropic infections of the lnstitute
of Neurology the method of drying in a manifold vacuum apparatus
is likewise used for preserving & number of the filtrsble viruses

Water vapors are absorbed by calcium sulfate. The dry viruses

are kept in vacuum secaled ampules.

Using our designs, N. P. Sheptun, a mechanic; constructed '
a manifold vacuum spparatus (Figure 9) at the State Veterimary
Preparations Research Institute. WWith this apparatus we have

dried bacterial cultures, filtrable viruses, and diagnostic sera.

The apparatus consists of the following basic parts: a
metal chamber for the calcium sulfate, & metal manifold with out~
lets, & shsllow tray for the cooling mixture, a vacuum manometer,
an oil vacuum pump, and a series of metal connectors to which the

individual vials are attached.

.
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The manifold vacuum apparatus is a hermetically sealed
system when in operation.  As a result of the Lilgh vacuum
microns), created in the whole system by the vacuum pump, the
frozen state of the material being dried is maintained as long as
there is any melisture. A mixture of snow or ice with table salt
is used in freezing biolugical preparations and bacterisl cultures.
The degree of pressure in the system is determined by the Dolinov

vacuun manometer.

For a moisture absorbent the apparatus employs calcium

sulfate which is an excellent chemical absorbent in the desicoa=

tlon. of ha
sera. The use of calcium sulfate as an abosrbent in this case is
profitable since the microorganiems, filirable viruses, and

diagnostic scra are dried in small batches and quantities.

Chamber=Type Vacuum Apparatus

More efiective for drying biolojical preparations in large
quantities 1s & chamber-type vacuum apparatus since it has a
lsrge capacity. However success in using the chamber apparatus

g I ) g I

depends on the successiul selection of a method for condensing

the water vapor.

As already pointed out, the use of chemical absorbents for
these purposes is not efficient. For this reason the following
nethods of moisture removal are employed in the desiccation of
biological preparstions. The first method is the condensation of
water vapor at low temperature in the form of ice on the outer
surface of a coilecd tube cooled by an effective cooling agent
(armonia or Freon)s. The second method is the removal of water

vapor into the atmosphere with use of chemical absorbents
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or low temperature. The second method is the most practical and
inexpensive. However, in order to use this method you need to

have a high vacuum pump with an adapter for constantly removing

from the oil the water which collects.during the drying process.

Attempts of some foreign investigators to make a vacuum
chember apparatus with a refrigerated condenser nave been unsuce
ceseful in view of the small capacity of the apparatus designed

and their imperfections.

Titov and Kalashnikov in 1939 proposed & chamber-type
vacuum apparatus for the desiccation of blological rl)reparationsw
from .z frozen state (Fipura 1 During desiccation the water
vapors are condensed in the form of ice on -the inner wall of a
metal pipe located between the chamber of the spparatus and the
vacuum pump. The condenser pipe is cooled by a mixture of ice and
table salt at -20°. The drying process for large batches of serum
and plasma lasts for b days. This apparatus has not hecome widely
used as the result of serious shortcomings. This is especially
applicable to the principle of condenser design and the cooling

method.

We know from practice that for the mest intensive condensa-
tion of moisture in the form of ice the condenser must be cccled
to a minimum of from -280 to -3‘;0. 1n Titov and Kslashnikov's ap=
paratus however the condenser is chilled at ~20°. In view of this

the doslccation process lasts for 5 days.

In 1945 N. K. Titov, K. F. Zemlyannikov, and S. I. Didenko
proposed an improved chamber apparatus for drying biological prepara-

tions from a frozen state (Figure 11).
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apparatus 18 & metal chamber of the large desiccator
type. In the lowergpart of the chamber is placed the prefrozen
preparation whieh during drying is cooled by a liquid cooling
agent circulating from the ammonia compressor through a system
of pipes. As needed, the chamber of the apparatus may be heated
during drying to 80° by illuminating gas or an electric unit.
In the upper part of the-chamber is located a metel coiled tube

for condensation of water vapors to icé. This coil is cooled by

o
the circulation of 1iquid ammonia at -27O to =30 from a compressor.

degree ol vacuum in the apparatus can be determined by a_
of biolugical preparation Irozen on the inner peripheral surface
of a flask in the form of a shell. The amount of materisl which

can be dried simultaneously camnot exceed 3 lit.

The advaniage of this apparatus consists in the fact that
the condsenser coil is cooled at a lower temperature, while the
drying chamber is heated. As a conseguence
accelersted. However as a defect we must point out that the
coiled tube for condensing the water vapor is not mounted separately
but in the chamber where we have the material for drying. This
situation, it seems to us, cannot fail to influence the length of
drying time and increase the amount of residual moisture in the
preparation because of the extreme nearness of the coiled tube to
the material to be dried. If the condenser coil were located in
a separate chamber alongside the full effectiveness of the drying

process would be attained much more easily.

In the literature we have a description of a vacuum apparatus
with a2 glass chamber which permits the drying of a large amount of
human blood plasma (Figure 12). The design of the apparatus was later
modified and the number of chambers increased tc 8. The apparatus is a
vertical circular steel chamber measuring 91x182 cm.

- 30 -
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“residu

In the lower part of the chamber 15 a coiled pipe through
which circula tes a solubtion-cooled to -44%  In the upper part
of the chamber is a receptscle with 180 holders in which the
bottles with the prefrozen plasms are placeds The holders are
wound in a spiral for electric heating during desiccation. The
degree of vacuum in the apparatus is determined by a vacuum
manometer.  The drying process laste 7 days, that is, 3 days in
the first chamber’with the ¢oil and 4+ days in-the second chamber
over phosphoric anhydride.  The supplementary drying over a
chemicel absorbent is probably induced byrl? the 'fa'ct that the

1

by the authors. An increase in the amount of moisture in the
plasma may take place when the chamber of the apparatus is opened
due to the presence of the coil on whose surface the water vapor

hes condensed in the form of ice. This situation as well as the

very long drying time (7 days) makes the apparatus of siight value.
The plasma meant for desiccation is frozen at a temperature of
«17° in a special apparatus. For this purpose a specific amount
of serum is poured into upright bottles while sterile conditions
are mainteined, &g the botides are rotated 2t 890 rpm their

surfaces are cooled by a stresm of cold air., The plesma freezes

on the inner surface of the bottles, spreading out in a thin layer.

An apparatus of another design consists of 2 metal chambers
connected by & pipe through which the water vapor is removed from

the drying material to the condenser (Figure 13).

he plasma is frozen in advance on the inner surface of a
flask at a temperature of -30° to =359, 4 special pumping apparatus
is used for freezing (Figure lu). The flask is placed in alcohol

cooled by Freon 12 gas,
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. in the apperatus is recorded automatically. The degree of vacuum

o isudetermined by a mercury’ vacuum manometer.

ALfter freezing, the flask with the plasma is placed in the
drying chamber-in-special holders made of coppers  The water
vapors condense as ice on the surface of a coiled tube at a
temperﬁture of =30° to =35° in the cooling chamber. The coil of

the condenser is cooled by Freon 12 gas from a COMpressor.

In order to hasten the drying process in the drying cheamber

heat is supplied by hot water circulating in a Jacket around the

chamber at a. temperature of approximately 80°. ' The drying process -

-The pilasma drying
process.lasts for i houre.  The capaciis

"E LU varies. o

There is a laboratory one for 1.8 1it, a pilos type for 72 1lit, and
a commercial type for 21,6 lit. 4s a defect of these apparatus it
must e pointed out that the pipe connecting the chambers for ree
moving water vepor is too long, ic not large enough. and has sharp
bends in ith.. This slows down the drying process considerably.

In 1940 & vacuum chamber apparstus was proposed in which the
water vapor from the materisl to be dried was drawn off by a high
vacuun pump (Figure 15), The vapor passes directly intc the oil
circulating in the pump. The oil passes continuously through a
centrifugal purifier, which is @ centrifuge for removing the water.
After the water is extracted, the oil passes directly back into the

vacuum pump, etc.

The use of these pumps permits us to dry material with a
comparatively low vacuum (4,500 microns of residual pressure), at
the same time guaranteeing that the material will remsin in a

frozen states In order to speed up the drying process warm water
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In 1945 another type of vacuum chamber apparatus was proposed
for drying human bleoa
stances (Figure 16).

prepare dry biological preparations in large quantities.

Before drying, the material is frozen directly in the drying
chamber. For this purpose a cooling agent is circulated in the
jacket and hollow tubes of the chamber. sfter freezing is finished,
the vacuum pumps are. turned on .and the drying process begins.. 1f
it is necessary to hasten the drying process; as for example, when

“plasma or serum is undergoing desiccatlon, the cooling agent is =

removed from the -jacket and_hollowk tubes of the ydr;ring chamber and i

replaced. by hot water at

The waﬁer vapors are condensed in a condensation chamber on
the surface of coiled pipes at a temperature of 27° and lower. The
coils are cooled by Freon 12 gas or Freon 22 from compressors. The
high vacuum also contributes to the creation of a low temperaturs -
iy

e condenser.

At the Research Institute of Ipidemiology and Hygiene of
the Soviet Amy living bacterial vaccines are dried in a vacuum
apparatus designed by Kerneyev, Del'nik, Grudenkov, and Chernykh,
The vaccines are freeze-dried using a high vacuum pump (models
L12 and 212). This pump removes vapor from the msterial to be
dried directly into the atmosphere without the use of any chemical
absorbents or mechanically cooled condenser. At the institute they
are likewise using a manifold apparatus for drying, using calcium

suifate as an abeorbent.
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In 1944 a report was published on the use of infrared rays
in a special apparatus for drying biological products f.-ﬁ a
frozen state (Figure 17). The action of :Lnfrar‘ed rays on frozen
serum markedly accelerates the drying process; with the latter
proceeding evenly since the rays act throushout the whole layer

of the preparation.

Inmodern drying apparatus the walls of the chamber are
heated by electric elements, steam, hot water, etc, in order to

speed up the drying process. However these heating methods

. demand especially equipp‘ed apparatus and do not bring about the-

most rapid ‘desicca'tion'process since in these cases the hest acts
only on the surface layer of the {rozen preparation. The deeper
layers of the preparation become heated as the moisture is removed
from the upper layers. For this reason infrared rays are the
best type of heat energy that can be used for drying sera from a

frozen state. Apparatus with infrared radiation are as yet not

widely used in practice.

At the Institute of Epldemiology and Microbiclogy imeni
He Fo Gamaley and the Central State Control Institute imeni
Tarasevich small chamber apparatus are used alongside the manifold
apparatus. The material to be dried is placed on the bottom of
the chamber. The moisture is absorbed by calcium sulfate which is
placed in a special can in the same chamber over the material being

dried.

At the State Institute for Control of Veterinary Biological
Preparations mechanical engineer K. P, Sheptun made a chamber=

manifold apparatus (Figure 18).

-3 -
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This apparstus is a hermetically closed metal chamber with
a large mstal manifold attached to it. We introduced certain
changes imto the design of the chamber-manifold apparatus so that
we would he able to use both the chamber ana the manifold method
for drying preparations in it. In the first case, the manifold is
cut off from the chamber by inserting inside the flange rubber and
metal plates which are tightened down by the counterscrew of the
manifold. When the manifold method is being used for dryinv both [
. plates are removed from the flange and thus the manifold communie

: cates with the chamber containing the calcium sulfate. ' -

The preperation, use, and regeneration of calcium sulfata
(gypsum) For the drying process in a chamber-manifold appara tus

are-tlie same as those used for drying in a manifold=-type apparatus.
(HAPTER IIT. DRYING METHODS

The methods to be used for preserving bacterial cultures,
fi1trable viruses, and biological preparations for a long time by
drying must meet 2 basic requirements. First, the drying process
must have no hammful effect on the biologlcal preparation. Second,

the dry preparations must retain their biological properties for a

long times

Earlier methods for drying in vacuum desiccators without pre-
liminary freezing and in drying cabinets using artificil heat led to
a repid loss of the active properties of the blological substances.
The decrease in activity, according to the findings of certain in-
vestigators (S. S. Rechmenskiy, A. Klimentova, R. Kruk, wend G.
Yarmol *chuk), takes place as the result of denaturation of protein.
In view of this fact the serum, for example, does not have total

solubility. The loss of total solubility in dry serum causes not
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only changes in its physieal and chemical properties but uiminishes
its sctivity. Other investigatiors exg n this by the fact thet
when drying takes placé ‘in a desiccator without prefreezing there
is a concentration of the salts and solid layers are formed which

decrease in welght in the course of severel months. In their opinion,

this decreases the activity of the preparation.

It is doubtful that this is true. The loss of active
properties in biologlcal preparations, dried without freezing,
apparently take place because the protein material being dri ed

has a grest percentage of residuel moisture bringing on an oxidae

tion process while the factors of protein denaturation determine

diminishing its

Vacuun apparatus are being widely used in practice which
makes possible the drylng not only of small quantities of bacterial
cultuces, viruses and diagnostic sera (manifold apparatus) but
also large quantities of serum and vaccine prepsrations (chamber
apparatus). In both the manifold and chamber-type apparatus drying
takes place from a frozen state under high vacuum. I+ must however
be pointed out that the principal and decisive factors in this
process are the factors of condensation or absorption of moisture

from the material being dried and the freezing factor.

In making dry preparations in 2 manifold apparatus or in a
small chamber spparatus, cherical agents, such as calcium sulfats,
phosphoric anhydride, calcium chloride, and certsin others, are

used as molsture absorbents.

In large chamber apparatus a special condenser with a compres-

sor for cooling is needed for moisture removal.

- 36 -
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In both cases absorption or condensation and prefreezing

of material are of equal importance.

Importance of the Freezing Factor in Desicecation

As has slready been pointed out, drying biological substances
from « liquid state leads to a marked loss of active properties as
a consequence of Incomplete moisture removel and denaturation of
protein.  The situation is quite different when biolugicsl substances

and living orgenisms are dried from a frozen state. In this case

the active properties of the dry biological preparations are retained

completely and the number of viable bacterial cells diminishes only

slightly.

The dry porous mass of dry serum prepsrations testifies to
the fact that the protein has become condensed, This is likewise
confirmed by the small decrease in its original volume. Proteins
subjected o momentary freezing evidently do not regroup buti ree
main in the state in which they were before freezing., This also
eliminates denaturation of the proteins which contain the active
principle and irreversible changes are almost entirely absent.
Eradication or denaturation of proteins and concentration of salts
during drying are also helped by the fact that moisture from a
frozen preparation is removed without passing through the liguid
phase. Thanks to this very fact, the proteins of serum preparations
de not become thicker and remain in a rarified, crystallic state as
we can easily observe through microscopy. In addition, during
freeze-drying the process of moisture removal proceeds much faster,
thanks to the action of the low temperature, the presence of a
vacuum, and the equality of pressure over the evaporation surface

" of the frozen preparation and the molsture absorbent.

-37 -
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Freeze-drying makes it possible to produce dry biocloglcal
preperations or bacterial cultures and viruses with exceedingly
small amounts of residual moisture. Tis is achieved by the fact
that with proteins in a rarified condition their surface area is
greatly increased which in itself facilitates more thorough desic~
cation. This drying method for biological preparations assureg
rapid and total solution in water and preserves their original “

physical properties.

Freezing liguid substances before drying is Tikewise Vr}ecesn @

7 sary in order to prevent foam formation when a ‘dee'p Va'ct}i\i‘m‘isj set
up.in. the apparatus, . The foam formed in the aﬁiﬁdeé gx;eééj i_/:’npe;:}eﬁs' :
the drying process and sometimes contributes to passage of materi;l‘:
into the absorption agent. A gradual irncrease in vacuum cannot :
prevent this undesirable phenomenon since it is practically impos;
sible to determim the degree of foaming in each ampule when drye
ing takes place in a manifold apparatus with such a large number

of connectione and ampules.

o 3

For some time it has been belleved that serum preparstions
and bacterial cultures and viruses undergo more thorough drying if
they are frozen at a temperature of -750. However the majority of
Soviet investigators (A. Klimentova, K. Kruk and G. Yarmol'chuk,
K. Ye. Dolimov, S. G. Kolesov, B, S. Del'nmik, Ne N. Titev, etc)
have established that fact that carbon dioxide and iiquid air can
be successfully replaced by a less expensive and more readily
available cooling mixture consisting of smow or ice and table salt

which will produce a temperature of -20°.

Among the chemical substances which produce low temperatures,
mention must be made of potassium chloride, calcium chloride,
ammonium chloride, ammonium nitrate, sodium nitrate, sodium chloride,

ammonium sulfate, and erystallic calcium chloride.

-38 =
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If these salts are added in proper proportions to snow, the
following temperatures in the cooling mixture may be produced.

Name = Parts by Weight Temperature Name Parts by hei'gh"o Temperature

of per 100 parts of of mixiure of per 100 parts of mixture

Salt snow (degrees) Salt of snow (degrees)
30 -1l NaCl 33
30 -11 (Nﬁu 1,50, 62

4 “d

-15.8 03012-6}{20 82
-17.3 CaCly*6H,0 125

-18.5  CaCly-6H,0 143

Frum the data supplied in the table we can see that table
salt is the most suitable ror making a cooling mixture since its
addition to snow in a comparatively small amount lowers the tempera-

ture of the mixture to -2®or =21°. In desiccation in manifold

apparatus such a temperature is sa tlsfactory.

When drying is taking place in small chamber apparatus it
1s best for cooling the outside of the chamber to use solid carbon
dioxide and alcohol which produce a temperature of -75°, Such a
low temperature is necessary since the material being dried is

separated from the cocoling mixture by the walls of the chamber.

Freezing agents, such as snow and table salt or solid carbon
dioxide and alcohol, are quite suitable both before drying and
during desiccation in & menifold or mmell chamber apparatus. These
same freezing agents also may be used for prefreezing for a large
chamber apparatus. However another cooling agent and another coollng
system are needed in order to maintain the materisl in a frozen »
state during the first stage of drying. For instance, desiccatien
in a large chamber spparatus is carried out by using a compressor
and such cooling agents as ammonla, Freon (12 and 22), and others.

The cooling agent circulates in special hollow jeckets and hoses of

-39 -
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the spparatus. The effectiveness of this cooling method is very

great since the cooling agent drops the temperature of the prepa-~

ration from <24° to =329 and lower.

Calcium Sulfate as a Molsture Absorbent

The intensity of the process for drying liquid protein sube
stances from a frozen state depends to a large extent on the
quality of the chemical sbsorbent when desiccation takes place in.
manifold and small chamber apparatus and on.the ¢ffectiveness of
’r,hé refrigerated condenser when drying takes place in large chamber

apparatus.

When drﬁng small quantities of preparations or bacteriai‘
cultures in cGesiccators we usually use phosphoric anhydride;
calcium chloride, and certain other chemical agents. Recently
calcium sulfate has been widely used in vacuum apparatus. The

molsture-absorbing capacity of all these chemical substances varies

Amount of Water Vapor Remaining

Drying Substance in 1 1it of air at 25° (in mg) [Notel

Phosphoric anhydride 0.000025
Potassium hydrate (liquated) 0.002
Calcium sulfate (gypsum) 0.004
Calcium chloride (granulated) 0.1k
Sulfuric acid (95.1%) 0.3

([Note] The drying capacity of a chemical substance is determined by
2 observing the fellcwing conditions. Air, saturated in advance
with water vapor, is passed over the drying substance at a

rate of 1-3 1it per hour at 25°)
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As we see from the table, phosphoric anhydride has the
greatest capacity absorbing moisturey followed by potsssium
hydrate and gypsum. However, the first 2 absorbente, despite
their high absorptive capacity, have surface layers that quickly

become saturated with moisture, thus rendering them inactive.

FPhosphoric arhydride, for example, is used by many investie
gators as an auxiliary absorbent in drying serum preparations’in
chember apparatus with a refrigerated condenser. The use_ of

phosphoric anhydride for this purpose is quite practical since

the principal portion of the moisture (96-98%) is removed from

the preparation by primary drying. For this reason the great
absorption capacity of the phosphoric anhydride per unit of
welght assures supplementary desiccation of the preparstion with

a reduction of residual moisture to 0.5-0.7%.

Calcium chloride is likewlse active orly until its surface
layers are saturated with moilstube and it is used in those cases

where a small amount of materisl is being dried. The same may be

said of sulfuric acid.

Calcium sulfate (gypsum) with s pronounced absorption
capacity is not subject to the ssme solution of its surface layers.
This property of gypsum provides for the entry of even the inner
particles into the drying process, For this reason gypsum is con-
sidered a more valuable chemical sbsorbent for drying bacterial

cultures, viruses, and certain preparations.

Calcium sulfate, an anhydrous substance, has a powder form.
However, in its powder form it is of no use as an absorbent since

only its surface layers take part in the absorption process.

-] -
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In order to obtain the most surface with the purpose of
increasing the moisture absorption capacity, calcium sulfats is
used in the form of granules. Powdered gypsum is mixed with
water until a passte is formed, after which it is allowed to set
&nd when dried it is cut into small granules, (ypsum thus pree
pared is freed of its finest particles and dried in a drying
cabinet at 180-200° until it reaches a constant weight. The

primary gypsum drying process lasts 12-16 hours when the layer

of gzypsum granules spread out to dry is equal to 2.5-3 cm.

The regeneration of calcium sulfate following each drying‘

cycle lasts 8-10 hours.at a temperature of 180-200°.

The valﬁé of gypsw.rrxr as a ﬁrying d,;ent congiste in the fact
that the deep vacuum and great absorption capzcity of the gypsum greatly
increases the degree of passage of moisture from the ma terial to the
absorbent which makes for high grade desiccation. In addition,
sum is easily regeneiasted (restored) after each orying cycle in
the apparatus and remains useful for no less
cyeles. We must here take into considerstion the amount of moisture

abserbed by the gypsun during each drying cycle.

For example, our experiments established that when 10 ml
of liquid are dried in the presence of 1 kg of gypsum the latter
may be used for 20=-25 cycles with regeneration following each
drying cycle. If we use 20«30 ml of liquid per kg of gypsum it
soon becomes inactive although it can be used to dry small batches
of material (for example, bacterial cultures when the amount of
moisture does ot exceed 3 ml per kg of gypsum). However gypsum is
@n inefficient sbsorbent when large amounts of preparation are

being dried.
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As already indicated, each kg of gypsum is able to absorb

10, or a maximum of 20 ml. of liguid,

gypsum becomes unsuitable for drying large smounts of biological

preparations,

Desiccation Based on a Hefrigersted Condenser

Recently, powerful chamber vacuum apparatus have come into
use for drying lerge amounts of biolcfgical prepsrations. During
desiccation in these apparatus. the moisture condenses on the sur-
face of the condenser coils, cooled by a compressor and Fréon or
ammonia bases; 'This éond.enéa-bion system to a great degree‘ ma‘keé
the drying of biological preparations less

since there is much less expense per unit of finished product.

In addition, in large-type chamber apparatus the preparation may

be dried not only in small but in large vessels (100-200=300 ml).

Desiceation in chember apparatus necessitates considerable equipe

ment. The drying chambers, for example, must be furnished with a
Shelves with cells or hclders

for the preparation are made of metal with a high degree of thermal

conductivity.

The chambers are provided with automatic devices for detere

mining and regulating temperature and vacuum.

The operation cycle of the condensation chamber is likewise
regulated avtomatically by using a vacuum device and a thermocouple
which maintain a specific temperature. In addition, the chamber
is furnished with thermal elements capable of removing ice frem

the surface of the coils after the drying process is finished.

The low temperature in the condenser coil is maintained by
the chamber vacuum which, so to speak, insulates the coil from the

effect of the temperature of the outside air. For drying in large
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chamber apparatus we use powerful vacuum pumps capable of pumping
large volumes of air and of creating & deep vacuum in the apparatus.
Without this, the drying process would drag out over a long time
and some preparations, such as plasma and penicillin, can hardly

be dried without a sufficlently low tempsrature.

..The effectivencss of drying is likewise greatly influenced

.- by the freezing factor. : The lowér the tempsrature during the

”-:Vij.tia_L drying phase, the more rapid is the extraction of moisture )

g ',”fromjthe i‘rbze.;l 'mat.e»rial;k Certain investigators belicve that the
drying of plasme and éeru.m demands various freezing temperatures.
For instance, for drying serum a temperature of -90 to «12° is
sufficient at the start of the process, while only -20° to -25°

will do for drying plasma.

Desiccation in Manifold Apparatus

The manifold vacuum apparatus (Figure 9) consists of a metal
chamber for the gypsum, a metal manifold, anc & series of con-
nections. The apparstus is fumished with a Dolinov vacuum meno-
meter and an oil vacuum pump. In operation the spparatus is a
closed system, which makes it possible to produce z deep Vacuum

(50100200 microns).

The water vapors in a manifuvlad apparatus are absorbed by
calcium sulfate. The intensity of absorption is determined mpre by
the lower moisture pressure at the absorbent than the pressure of
saturated vapor at the evaporation surface of the material being
dried. It must also be pointed out that the degree of the intensity
of the motion of water vapor molecules likewise depends on the
distance of the material from the abserbent. It has bsen proven

for practical purposes that the more bends in the line leading the
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moisture through the apparatus, the slower the drying process.
' However, when the appe ratue is a fully hermetically closed system
the drying process proceede rather rapidly, especially if the

material is dried in small batches.

The speed of the drying process is related to the intensity
of moisture evaporation, that is, to the removal of water vapor
from the frozen material. For this resson in certain cases the
rate of vapor removal can be incressed by allowing heat to reach
the frozen material in the ampules.  In order not to cause
liquefaction of the frozen materisl the heat must act only on the

> of ithe ampules,
all cases. For instance, heat may be permissible in drying serum
preparations while heating might weaken the virulence of bacterial

cul turee snd filtrable viruses.

The use of a manifold vacuum apparatus at the State Control
Institute of Veterinary Products of the Ministry of Agriculture USSR
utes belonging to the Ministry of Public
Health has shown that this apparatus may be used for successfully
38, Vviruses, and diagnostic sera. The dry
biological preparations dried in these apparatus answer all ree
quirements of existing regulations. DUrying in a manifold apparatus
completely eliminates all possibility of the entry of foreign
bacteria inte the dried materiai. This is especially impertant in
the preservation of standard strains. In addition, it is easy and
convenient to vacuumeseal the empules in this apparatus without
recourse to additional manipulations of Joining the ampules to the
connectors and to the manifold, such as are necessary in drying with

& chamber apparatus.
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The drying process in a manifold apparatus consists of the

following, After the bacterial cultures, viruses, or diagnostic
sera have been packed in ampules and the latter fastened to the

connecting tubes by means of vacuum-resistant rubber, the pree

parations are frozen at a temperature of -20° in a cooling mixture

consisting of snow and table s2li. After 10-15 minutes the con-

necting tubes with the ampules are attached to the manifold apparatus.

The drying takes pluce

under a vacuum of 50«100«200 microns pressure
with the ampules with the frozen material sitting in & shallow tray
containing cooling mixture at -15° 40 -17° for preserving the
materiel in s frozen state during the first 3«4 hours of drying.
If the vacuum pump-is capable of pumping off air from the system
satisfactorily, drying may “take place at @n even lower vacuum (500«

700 microns).

A high vacuum maintains the material in a frozen state and

sceelerates the drying process. For this reason it is necessary
t0 see to 1t that the system is hermetically sezled since sometimes
a very small opening is enough to diminish the vacuum in the_eatire

system.

4fter the apparatus has been in operation for 3=6 hours the
first phase of the drying process is considered finished. The
shallow trays with the cooling mixture are then removed and the

drying continues at room temperature.
ying P!

Desiccation of bscterial cultures ususlly lasts for 10-12
hours while that of viruses and diagnostic sera lasts 24 hours.
It must be pointed out that these periods of time, which we use
in our experiments, sre the maximum and are necessary for the most
thorough drying. We know from the work practices of other investi=
gators that bacterial cultures may be dried in small batches in even
less time (56 hours) but this length of time does not always give
assurance of thorough drying.

- U -
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Bacterial cultures, viruses and sera dried by the system
outlinsd usually contain a minimsl amount of residuel molsture
(from 0.4=0.7 t0 1.0-1.5%). Besidusl moisture is determined by
supplementary drying in a cabinet at 105° until a constant weight
is reached or in a desiccator undcr vacuum over calcium chloride
which has itself been dried to & constant weighte It must however
be pointed out that these methods for determining residual
moisture do not all give the some indexes. ~ For exsmple, when
determined in a urying cabinet at 105° 'ﬂle percentage of residual
moisture is usually higher, since at this temperature a portibn ) :
of the protein may be consumed, Testi.ng dz‘*ieci cul tures over '
calecium chloride usually gives a smaller percentage of residual
moisture (0.4-0.7) although the process of complete drying in a
desiccator under vacuum lasts for 3 days. The more accurate
determination of residual moisture is achieved by supplementary

desiccation in a desiccator over phosphoric anhydride under vacuum.

There is an opinion current that any detemmination of the
degree of desiccation glves arbitrary results since in all cases
the dry substance may probably contain a certain amount of moisture
in & bound form. However a dry substance does not undergo a

marked loss in weight when phosphoric anhydride acts upon it.

After drying is finishec the ampules with the material are
vacuumesealed over a flame. It is best to seal the ampules with
a 2-flame gas-oxygen burner. This type of secaling is more
thorough. The spot where sealing tekes place is covered with
nitrolacquer. The ampules are tested for vacuum with a Tesla

apparatus and stored in a refrigerator.
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In our experiments the dried bacterial cultures, viruses,
and diagnostic sera were usually stored st room tempersturs
(17, 20, 27°)s These conditions are not ideal since some instable

cul tures must be kept in a dry form at a temperature of 2-50.

Liowever 6 years of personal cbservations and experiments of
certain laboratories of our institute as well as other investie
gators indicate that at room temperatures of ‘1?3200 it is possible
to keep not only dry

and viruses,

Desiceation in a Chamber-Manifold Apparatus

When the chamber drying method is used the material is
placed in a special container on. the
the upper part of the chamber znother container holas gypsunm to
act as a moisture absorbent. The material to be dried is packed
into ampulee which are closed with a sterile cotton wad and

irozen at -20° in a cooling mixture.

In order to keep the material from thawing, especially at
the beginning of the drying process, the chamber is cooled by a
mixture made from snow and table salt. However, it is better to
use a cooling mixture of solid carbon dioxide and alcohol which
produces a temperature of ~75°, ‘This temperature is more effective

for cooling the chamber.

The drying process in the chamber lasts from 6 to 24 hours
depending on the amount of material poured into the ampules. The
absorption noms for gypsum remain the same ag for drying in a
manifold spparatus. After the drying process is finished the
ampules with the material are coennected with a vacuum washer to the
connecting tubes and the manifold in order to produce a vacuum in
them. The ampules are sealed over flame when the vacuum reaches

100-200 microns.
- U8 -
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The possibility of producing a high vacuum in the chamber
and the total hermetic condition of the apparatus are the pre-

requisites for successful desiccation. The use ol cotton stoppers

in the ampules for the prevention of contamination by foreign

bacteria lengthens the drying process to a certein extent. Houw-

ever when drying small amounts of materisl which are packed in
small units the drying process takes place rapidiy. The menifold
method may be used wi‘p‘n the same appara%:us. In this case the
chambor is completely filled with gypsum.--The stopper which
closed oif the pipe leading to the manifold is_r i‘enqo‘fed and thé o
ampules with the prefrozen material are attached directly te e
the connecting tubes. The drying prdcess takes place as in thel

usual manifold apparatus.

Desiccation in a Chamber Apparz tus

As distinct from the manifold spparatus, the

may be used for drying large amounts of material.

the use of powerful chamber apparatus in biological preparation
plants permits the production of the guantities of dry preparations

needed for extensive use in practice.

Te chamber vacuum apparatus consists of one or 2 metal
chambers of the cabinet type and one circular refrigersted chamber.
The bioclogical material is again dried from & frozen state under
high vacuum. Separate tubes for removing water vapors from the
material being dried makes it possible to load the drying chambers
as the material arrives. In addition, each of the drying chambers
may be included in or cut off from the drying process by special
closures (stoppers), located in the pipes connecting the drying

chember with the condenser. The entire drying process in the ap-

paratus is regulated automatically.
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The material is frozen before drying in a speclal apparatus

(Figure 14). It may also be frozen in the drying chamber before
desiccation starts if this chamber is furnished with a system of
hollow jackets and hoses through which a cooling agent may circu-

late from a compressor.

After. ?refreeziﬂg, by fapid rotation of the flaﬁks in a
vertical position in a circulating freezing ajpparatus or in & -

" room cooled to =17°, thematerial is placed in the drying chamber -

~where it undergoes desiccatiocn. bkhen frozen directly in the
drying chamber thé preparation is cuoled by anmonia-or Freon whi’ch S
em;,er.s the chamber from the compressor. After freezing {this takes

only several minutes), a deep vacuum is set up in the whole ap-

paratus by powerful high vacuum pumps.

In the chamber apparatus the drying process varies in
length of time. For instance, if the material is dried in a mmall
amount it usually takes 24 hours but if the material is packed
in a2 large amount the drying process i1s lengthened to 36 hours or

even to 2-3 days. In &addition, & great role is played by the

=

size of the surface of the frozen preparation. For instance, if
vwe pour 200 ml of serum into a 300~ml flask and freeze the
preparation in the form of a lining on the inner walls of the
flask the drying process in a powerful chamber apparatus may be
finished in 24 hours since the greater the surface of the frozen

material the less time it takes for desiccation.

While it is possible to successfully vacuum-seal cul tures
and viruses in ampules, it 1s difficult to create sufficient vacuum
where large batches of preparation are frozen in flasks. In this

case some investigaters recommend filling the flasks with purified
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dry nitrogen which is a neutral gas., The flasks are filled with
the gas directly in the chamber of the apparatus. This is done
as follows. After the drying process is finished the vacuum pump
is turned off and pure dry nitrogen is led into the chamber.
Thanks to the deep vacuum in the entire system and in the flasks,
the nitrogen rapidly fills the latter. After this the flasks with

the preparation are stoppered,; daubed shut, and sealed.

The dry preparation is stored at a temperature of 5e15°,

Before being used the dry biclogical preparation is dissolved in

a sterile physiological saline solution or distilled wa

the amount of iiquid which the [lesk contained before desiccation
started. However; in certain cases: the preparations may be dise "
solved in different proportions. Immune sera, for example, are
dissolved in a quantity of water equal to helf or even 1/3 the
original volume of the preparation. Bacterial vaccines which are
dried in the form of thick emulsions may be dissolved in a larger

quantity of water than there was before desiccation.
CHAPTER IV. ANABIOSIS IN MICROORGANISMS

"Wherever there is life, we find that it is associated
with some protein body, and wherever there is a protein body
not in the process of decomposition, we are, without excep-

tion, seeing manifestations of life." -- F, Engels

Problems relating to the state of bacterial cultures, viruses,
and biological preparations when preserved in a dry form have been
treated very little in the literature. Infomation on hand from a
number of investigators in this field deal only with factors of the
viability of bacteria and viruses and their biological properties.

However the authors do not in their reports treat the problems which
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clarify the state of bacterial cells in a dry form. For mis
reason, in studying the properties of dry bacterial cul tures, we
believed it necessary to analyze and enlighten the theoretical
problems which deal with the state of bacteria in a dry form as

well as when they are acted upon by low temperatures.

- 4s & theoretical prerequisite to the possible duration of

the preservation of the viable properties of labile microorganisms
we used in our experiments the factor of anabiosis of sporogenous
bacteria and certain protozoa which become encysted during freeze-

ing or desiccation under naturel conditions.

Anabiosis in the proper sense means & return to life, a
resuscitation. However the word anabiosis usually suggests noti ree-
vivification after preceding death bub latent life or a temporary

cessation of life processes.

ie find it necessary to point out that from our peoint of
view anablosis of microorganisms in experimental desiccation and
preservation under vacuum must obviously be thought of as a
temporary cessation of life. And this is the point of view from

which problems of anablosis and our critigue of views of other

authors on this subject will be treated.

The materialist approach in the field of biology indicates
that the role of the environment is decisive in the life of
organisms. For this reason, in. studying the conditions under
which bacterial cultures are dried and preserved we are gulded by
the doctrines of I. V. Michurin and Te D. Lysenkc about the effect
of the external environment on the liwing organism. For instance;,
whereas moisture, nutritive substances, and atmospheric oxygen are
necessary if aerobic bacteria are to be preserved under ordinary Gondi-
tions, an entirely different medium is required if their biological
propesties are to be preserved for a kong time in a dry form.

- 52 -

Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81-01043R000400010006-6



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81-01043R000400010006-6

We know that the evolutlonary development of organisms
includes principally the factors representing the effect of the
surrounding medium, that is, the conditions under which they
continue to exist. Under the influence of the envirorment the
organisms gradually change thelr biological properties by
developing in themselves those features which are the most re-

sistant to the external conditions. Such an evolutionary de-

)

velopment, for example, is a feature of the rotifer Prnilodine

and the tardigrade Magrobiotus which, byr living under natural

conditions among mosses and lichens, acquired during thelr evolu- ..
tion the cspacity of pfeserving their viability for a 1ong time
_during freering siceation. [ Li wpacities to resigt
favorable environmental conditions have been acquired by many
other plants and animals (algae culturcs, amoebae, infusoria,

certain nematodes, etc).

By analyzing historical data on anabiosis in plant and
animal organisms following freezing anu desiccation one may assume
that even labile nonsporogenous bacteria have the capacity to
withsand such factors under experimental conditions where cer-
tain additional substances are being created. This theoretical
hypothesis could bx expressed where there was a materislist con-
cept of manifestations of anabiosis, that the life of bacteria in
a dry or frozen state under experimental conditions takes on come
pletely different forms, that is, is extremely retarded, inhibited,
or even temporarily comes to a halt, as apparently takes place in
cases where bacteria retsin their viability in soils of the perma=-

frost zone.

Scientific 1iterature contains a number of reports on the

very great resistsnce of bacterial cultures and viruses to
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experimental desiccation and freezing. However the explanations
for the causes of this resistance and the state of these creatures
in the dry and in the frozen state are very few. For this reason
the problem which this book poses regarding anabiosis in bacteria,
when the latter are preserved in a dry or frozen form, as a mani-
festation of a particular form of existence ¢

must be a subject not only for discussion but for further study.

In congidering the problems of the greut resistance of micro=

organisms to freezing and desiccation we must give scme attention =

Hature of Viruses and Microbes] which was recently published, 1950,

Moscow, Medgiz.

luring a study of equine infectious anemia, as G. M.
Bosh'yan reported; he established the fact that the filtrable
virus of this disease 1s comnected to the proteins of the organism,

the nucleoproteins.

When the connection between the virus and the proteins is

Gisrupted, the virus may be transformed either in the organism or

in the test tube into a bacterial form. The author later established
a similar feature in studying certain other filtrable viruses. This
situacion permitted G. M. Bosh'ysn to come to the conclusicn that
filtrable viruses are a form of existence of microorganisms. If
only the surrounding medium is changed, or the metabolism of the
animal cells change following death, a change in the form of the
pathogen develops and it is converted from an invisible (filtrable)

form into a visible bacterial form.

By studying therapeutic and prophylactic sera, allergens and

- -
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antibiotice, G. M. Boshiyan established the presence in them of
filtrable forms of ‘those microorganisms from which they were de=
rived.  As there wes later confimation of this tenet, the
existent concept of the sterili ty of these preparations was
changed radically. In addition this would point up the extreme
stability of the filtrable forms of microbes. For instance,
menifestations of the resistonce of filtrable forms of microe
organisms are especilally phencmensl when we derive from them the™
micrebes from which such biclogical prepara=

tlons were produced as” tuberculin, mallein, brucellysate, and

s&le. And these preparations weré subjected to

great effeété byh cyeles in én éutoclave (mailein‘l, 'buberéulj.rﬂ
and a session lasting many hours in the autoclave (brucelio-
hydrolysate). In addition, as the author reported, he also demane
strated phenomena of great resistance of a number of microorganisms
t6 chemical substariGes. For instance, bacterial and virus vaccines
treated with formaiin are not, in Boshfyan®s opinion, killed, as

until recently, but only inactivated. If bacterial vace
cines treated with formalir are given further proper treatment

¥ be recovered, although it has but slight

virulence.

The revivification of certain creatures subject to freezing
and drying was observed more than 240 years ago. For instance,
the first revival of rotifers when water was added to dry sand
taken from an eavespout was observed by Antonj Leeuwenhoek (1701).
Later such phenomena were observed in rotifers, nematodes, and
tardigrades by other investigators (Nidhem, Spalanzani, and others).
However these phenomena were not correctly interpreted. At the
end of the nineteenth century there were once more many reports on

this problem and Preyer (1873) identified the revivel of rotifers,
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tardigrades, snd nems todes, heretofore known as "apparent deéth,"
"lethargy," op "nux{xbness,"‘ &8 being anibiosis, that is; when an
organism in 8 lifeless dry state is capavle of revivification if
there is g change in environmental conditions, Claude-Bernard
held to the same opinion, However, despite the proposal of the
new tem "anabiosis," mvastlgatorq of the time, including
Pz:eyer, could not furnish a scientli‘:.c oasis for the factor of -

the prolonged retention of viabile propcr'bie= in rotifers,

tardigrades; and hematodes when they were kept in'a dry state or”

under low temperature, . 3 G

The study of anabios g creatures are frozen
was not systematically or scientifically studied util the begine
ning of the present century. An incentive was the research of
the Kussian scientist professor P, I, Bakhmet'yev in the field of
the auabiosis of insects when frozen,

1912,

Believing th: sroblem of the body temperature of
insects and their condition at different temperatures, especially
when frozen, had been glven littlie attention, P, I. Bakhmet'yev
took up the study. 4s a result he had soon developed a method for
determining temperature in insects by using a thermoelectric
thermometer, By using the thermoelectric thermometer which he
had made, P, 1, Bakhmet'yev quite accurately detemmined the body
temperature of. insects, at first under ordinary conditions and

later at low tempera tures,

By studying temperature conditions during freezing, P. I.
Bakhmet'yev discovered a new phencmenon in the insect organism,

the rapid temperature change with the preceding phase of overcooling.
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By placing butierflies in a chamber chilled to =120 to w22°
author establishea that their body temperature at first drops to
zerc and thén after}some tine to -10°, after which there is a

sudden rise in temperature to -1.5°9. After this the body tempera-

ture of the insect agsin drops graduaily and reaches the temperature

of the cooled chamber.

By siudying these phenomens, P. I. Bakhmet'yev determined

that freezing the fluids of the insect organism does not take place

liquid is cooled evenly and when crystals of ice have not yet ap=
pesred in it) but during the second drop after the sudden tempera=-
ture change, from point N to point T, that is, %o a temperature

of =9.4% (Figure 19).

! During the initial stage of cooling when the temperature
reaches the critical point K, the insect merely becomes numb and
if it is removed from the cooling chamber it returns to life.
Later after the sudden temperature change there is a gradual freezing
of the body's fluids, and the insect's body temperature drops to
-10°. 1If at any point aleng the curve between poinis N and T with
the temperature at from =1,5° to -9° the insect is returned to
ordinary conditions it returns to 1ife snd revives, although slowly,
But if the insect is kept until the body temperature reaches -10°,

that is, to point T, the "death point," the insect dies.

Through special calorimetric calculations P. I. Bakhmet'yev
determined that at a temperature of «4.5° the fluids in the insect

are completely frozen., For this reason the author believes that

the state of the insect between points A and T, that is, during the
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cooling phase between -LL.SO and -90, is ansbioctid. Thus, as the
result of these studies, the orderiy theory

sects when frozen was crested.

howevér it is necessary to point out that P. I, Bakhmet'yev
pased his theory on the fact that the insect may wndergo total
reezing during the phase from =L',.5° to -90 when all the body's
fluids are converted to a solid state and manifestations of life

are completely teminsted. But, as we see later, anabiosis in

freezing takes place in insects only when the body is in a étageyﬂ

of super cooling and aikthe beginning of the éﬁpeéﬁrance of ice
hoib

. o L SR Y +20 w . PR S
Crystals 'wnen uiuers 5 y WICUE

may be.

Pe Yu. Shmidt introduced a significant correction-in
Bakhmet'yev's theory of anabiosis in insects when frozen. For
instance, he did not confim Bakhmet'yev's statements on total
freezing of body fluids at «4.5%° 4t this tempera ture not all
the body [luids freeze and censequently anabivsis takes place

under somewhat different temperature conditions.

The condition of arnabiosis, according to P. Yu. Shmidt, in
frozen insects may be noticed during super ccoling, that is, from
zero to peint K, during the brief elevation in temperature, the
go-called sudden change in temperature, from point K to point 4,

and during initial ice fomation, between points A and Ty (Figure 20).

¥. I. Kalabukhov, in his work, Spyachka zhivotnykh [Animal

Hibernation] (1936), indicates that insects which revive with the
coming of spring do not undergo total freezing during the winter.
In a given case, as the author points out, the viability of the

insects is retained only because a portion of the fluids in the
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vessels and tissues in the body is not frozen. If the insect were
subjected to total freezing with the hardening of

would inevitably die. Ina study of

on the bee orgenism, N. I. Kalabukhov determined that during super
cooling, that iz, when the body fluids are not yet in a solid state,
the metabolic processes do take place. By experimentation the
author established the fact that the factor of nutrition contrie
butes to increasing the resistance of bees to low temperatures.

The author likewise demonstrated that ‘wiyk th supplementary feeding

of honey the resistance of the bees to cold increased markedly.

-For instance, the bees glven extra feed and placed in a refrigerator -.:

&t a btemperature of -1° survived to an extent of 50% after thawing .-
and to the extent of U3% after -4°, Only 24 and 9.5% respectively
survived among the bees which had not been given supplementary -

feeding.

Ui great interest is the work of M. L. Sakharov in which he

eports on resistence to cold in insects. By studying the action
of low temperatures on larvae of the winter moth, the author came
to the conciusion, with the use of a dilatometer, that the forma=
tion of ice and the degree of the advance of the freezing point de-
pends on the amount of water in the insect's body. For example,
the suthor detemmined that in wintering larvae, containing 11%
less water and 2.5% more fat than summer larvae, the formation of
ice does not start until -11°, and at -17.35° only 15.22% of the
water in the larvae's bodies changed to ice. When cold acts on
larvac which have just left the nest and whose bodies contain more
water and less fat, ice starts to fom at =5.75°, and at =7.8° some

L4i4,85% of the water has been converted into ice.
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For instance, the experiments of . I. Kalabukhov and N. L.
Saxhurov on the resistance of insects te cold inuicate that the
inseco orgenism with a varying biclogical state is not all subject
to the action of low temperature in the same degree. ror this
reason Bakhmet'yev's dsta on the obligatory and total freezing of )
insect fluids at -4.5% and on the death point at =10° are ap-

- parently not wholly correct.

Uespite the statements of the majoﬂty of the invcfs:i;igaktors =

fabout ﬂ)e death éf.‘ ins‘ects’ under toﬁél ’/f'reezivrzvf_f {hefe 15 yli:k'e&;i:sé;‘/
“informe tion” to- the é;i‘fec{ thét’indrividuél ixisecté één and
very low temperatures, . For instance, l.. K. Lozina~Lozinskiy sub=
jected the corn borer to freezing and estabiished the extraordinary
resistance of these larvae., Larvae, frozen at -11.2° and remaining
in this condition from several minutes to 35 days, recovered, the
number of those that perished being 36.Lk. Under the influence of
a temperature of =21,2° for 20 hours, 57.2/> of the larvae recovered.

Lven a temperature of =78,5° lesting from 15 to 20 minutes caused

the death of only @ certain number of the larvae.

These data cannot fail to indicate the extremely great
diversity in the biological properties of insects smong which we
find individuals who can resist extremely low temperatures. In
addition, as we see from the experiments of N. I. Kalabukhov and
N. L. Sakharov, in questions of the resistance of insects to low
temperatures an important role is played by such factors of nutri-
tion as the amount of water and fatty substances in the insect's

body.

With regard to the problem of the anablosis of micreorganisms
during freezing we must point out the number of studies of Russian
suthors on the conditions of microbes in the soils and ice of the
permafrost zone &s well as under experimental low temperature con=-

ditiens.
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In 1911 V. L. Omelyanskiy recovered microbes from the mucus
of the trunk of the Sangsyurakn mammoth which wes found in the
ground in the permafrost zone of Siberia. In 1912, while examine
ing soil samples of the permafrost zone in Amur Oblast taken from
a depth of 1.6 and 4 m, B. L. Isachenko detected in the majority
of samples sporogenous microbes capable of propagation when placed
in a nutritive medium.

These reports and a numberro.t‘ others on the disco#ery of
microbes and certain other very- simple animals, such as.ciliophora, :
rotifers, and nematodes, frozen into ice and retaining viability 7

“have arcused considerable interest. In this connection :'mVesti-' =

,_s;atofs raised the guestion whether life could be pr‘eserved in mie
crebes and some other simple animals, frozen into the ice many
thousands of years ago and now deep under the surface of ths earth

in the permafrost zone.

. In 1936 P. N, Kapterev pointed out numbers of plant and ani-
mal organisms recovered from the soils and ice of the permafrost
zone. In Amur Kray P. N. Kapterev took soil samples fram a depth
of 2 to "m in the permafrost zone where the earth was frozen
argillaceous soils with strata of ice. The soil samples were
carefully collected in order to avoid the entry of embryos of
organisms from without. After the samples were thawed out he obe
tained various species of algae and sporogenous microbes. The
resul ts of P. N. Kapterev's research caused doubts amongz some ine
vestigators that methods of soil sampling from great depths were
perfected enough to prevent the entry of embryos of organisms
from without. However, obtaining various species of algae from
various depths suggests that the latter were actually recovered

from the permafrost soil.
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us bacteria and yeasts while

examining samples of "stone ice" from the island of Lyakhovskoye.

Considerable work on the study of permafrest zone soils was
dene by A, Ye. Kriss (1940), who obtained somewhat different data.
For instance, while examining permafrost soils from the island of
Kolyuchin the author recovered through seeding on specisl nutrie
tive media {soil agar anc meatepeptone~-agar) sone sporogenéus and
nonsporogenous bacteria and actinomycetes. ~Almost identical nicro-
flora {sporogenous and nonsporogenous microbes, actinomycetes, and
fungi) but in a larger azrxomt were recovered from soil samples
from the active layer, that is, the thawing layer above the permae
frost strata. In examining soil samples from a depth of lel.5m
in a buried peat bog from the pemafrost zone of wrangel 1sland,
cul tures were found of white, yellow, and yellow=green micrococei.
In the other samples obtained from great depths no miercflors

were detected.

As the result of his research i. Ye. Kriss believes that
only & relatively small number of the various representatives of
the microorganisms are able to preserve their viability in the
permafrost layers of buried peat bogs. However it is hardly pos-
sible that such a diverse number of nicrobe representatives should
retain their viability in a state of anabiosis as indicated by
P. N. Kapterev. InA. Ye. Kriss! opinion, the great number of
mieroorganisms and the diversity of species found in the perna=
frost layer by P. N. Kapterev must be related to the possibility

of the entry of the microbes inte this layer from the active layer.

In a later work (194l) A, Ye. Kriss and N. A. Grave reported
on the results of exsminations of ice samples from the permafrest

zone of central Yrkutia. Exuminations were made of an ice sample
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in the form of a monolith obtained from a depth of 9 ms The
authors assign the formstion of this ics glacial epocn
in Siberia, with the absolute age being of necessity tens of
thousands of years old. The monolithic ice sample was very

carefully examined at the Permafrost Institute and no viable
microorganisms were detected. In the suthor's opinion, this

does not confirm the hypothesis of the anabiosis of micro=

organisms in glaciers of the permafrost zone.

Ao V. Kalyayev (1947) examined samples from permafrost soil
at different depths, 4.5, 6.5, 8, 37, 43, 45, and 57 m. After
the samples were treatéd by sin cing and removal of the owter
layers with a red hot knife, a sterile pincers was used to re-
move from the center a piece of earth welghing 2=3 g which was
again singed and placed into a nutritive medium of MPB (meate
peptone=broth) and MPA (meat-peptone-agar). The experiments were
carried out in a laboratory at the very spot where the samples
were obtained. As a result of the ground samples obtained from
the prestest 3 3 : er, isolated cells
(from 5 to 10 per g of earth) of sporogenous aerobic microbes of

the genus Bacillus were obtained,

From the seil samples taken from lesser depths in the perma-
frost zone (4 and 6.8 m) nonsporogenous bacteria, cocci and sare

cinae, were sometimes obtained.

From the preceding data it is evident that A. V. Kalyayev
established the presence of viable sporogenous and nonsporogenous
bacteria in soil semples from the permafrost zone., It must be
pointed out here that nonsporogenous microflora were recovered
only from samples taken from the lesser depths. This situation may

be expiained by the possibility of later penetration of this
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microflora from the active layers of the soil, However we must
assume thet the presence of nonsporogenous bacteria in the upper
layers of the permafrost earth had lasted for a rather long tims.
cxamingtion of soil samples taken from greater cepths of the
frozen earth showeu that only sporogenous microbes are able to

retain their viability at this level.

Thus Ao V. Kalyayev's studies of svil. samples from the
permafrost layer indicate that not only sporegenous but nonsporo=-
genous microbes may remain in a staf.e of anabiosis for a long
time but that

action of low temperature.

Butyagin (1909) froze several species of microbes, pathoe
genic for man, under winter conditions at a tamperature of -20°
to 4L .89 and determined that the majority of them reteined thair
visbility for 3 months. In addition, it was obs:—r-ved in experi=

ments conducted on alternating cold and thawing that some microbe

cul tures survived up to 12 freezings and thaws.

B. S. Aleyev (19uu) points out that many species of microe-

organisms possess a very high cold resistance.

In some of his experiments microoi'gahisms resisted tempera-

turesnear to absolute zero. For instance, bacterial spores gere

minated following 10 hours in liquid hydrogen at a temperature of
-252°, Nonsporogenous microorganisms of the enteric typhoid group
were capable of propagation following 20 hours in liguid air at a

temperature of ~172°,

The results of experiments of a number of investigators

testify to the exceptional resistance to low temperature of many
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microorganisms, Cultures of the typhus bacillus, Escherichia
ﬁoli, diphtheria bacillus, the bacillus of Asiatic cholera, Proteus,
lactic acid bacteria, the bacillus of malignant anthrax with spores,
and staphylococcus were frozen on gelatin, agare-agar, potato, and

in bouillon at a temperature of -182° for 20 hours. After thawing

all the microbie cultures were viable and retained their biological

properties,

On the effect of low temperatures on the viability of microbes
pathogeniq for man we have available much informa tion in the litera-

ture. However, as a rule; these reperts treat merely the transient

“effect of low temperatures lasting only a few hours. For instance,.
in developing methods for desiccating microorganisms Soviet investi~-
gators (S. S. Rechmenskiy, K. Ye. Dolinov, and L. B. Balayan, A.
Klimentova, R. Kruk and G. Yarmol'chuk, D. F. Fedorov, A. A,

Batyreva and Q. K. Kocher'yan, etc) have studied the action of low

temperatures on microorganisms. It has been established that
short temm action of low temperatures (from -20° to -180°) had no
pronounced injurious effect on the viability of microorganisms.

In its results a temperature of ~20° was in no way distinguishable

from the effect produced at «70° or -180°.

Similar observations of both Soviet and foreign investigators

were made in the majority of cases in connection with prefreezing
cul tures for desiccation. For this reason we made a special study

of this problem under experimental conditions.

In veterinary manuals on microbiclogy, epizootology, and
disinfection the effect of low temperatures on pathogenic microe
organisms is barely treated. However, this feature is of great
importance in studying the epizootic situation for controlling

infectious diseases of farm animals. Only with relation to specific
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microorganisms, such as those of malignant anthrax, brucellosis,
tuberculosis, and certain mm.u fm’xgi, is it possible to find iso-
lated bits of information on their capacity for resisting the ef-
fect of low temperatures to one degree or other (S. N. Vyshelesskiy,

Mo A, Mikhin, and N. I. Leonov).

In experiments on the long tem ac‘c,i;m of .cold on the viability
of microorganisms wé uéed a temp'erayture of -17° or =20%. These
values were selected as the average extreme.temperature-observed.in.
the majority of rayons of the USSK. We wers planﬁiixé tg détemine

the resistance of certain microorganisms with Telation:to the en=

vironment of the farm. In addition, we proposéd to"sfﬁdj ’t'he':factors'k o

making up the-sction of cold on.the viability of microbial cultures

during desiccation.,

In our experiments we used an electric refrigerator in which
the microbial cultures were kept for the required period of time

at a temperature of from -17° to =20°. The microbial cultures in

the form of bouwillon or agar propagations with gelatin or serum

added as a protective medium were subjected to the action of the

temperature indicated. By this means we proposed to bring our

experiments, even though to a relative degree, closer to the natural

environmental conditions under which the microorgsnisms might be

subject to low temperatures. In this case we could assume that the
microbes in livestock shelters or in the soil following excretion
from sick animals were to some degree or other connected with pro-

tein substances as products of the decomposition of organic sub=

stances. 1In our control tests the microbial cultures were subjected

to the action of cold with protein substances by adding them to a

physiological saline solution.
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Experimental and control cultures were placed in the cone
denser of a refrigerator where the temperature could be kept at

a stricily controlled level by means of a themocouple.

In the first experiments the microbial cultures were first
covered with gelatin or a physiological solution and then placed
in 0.5 ml batches in test tubes and rsealed in with plués of abe
sorbent cotton. P.ftér ihis the test tubes were‘placed in the

refrigerator at a temperature of from =17° te =20, . During the

and thus did not prevent the entry of na ter vapors which cone
densed on the inner walls of the test tubes in the form of ice.
For this reason in following experiments the ampules with
cultures were flame-sealed,

The viability of the microorgenisms was tested by seeding
them onto appropriate culture media at various times, 15, 30,
60, 90, 120, 150, 180, and 210 days. The grewth of the cultures
after & period in the themmostat was compuied for the 14>sw.al
periods, 1, 2, and 3 days. In case of necessity the seedings of
the cul tures were kept in the themmostat up to 10 days. The ree

sults of these experiments are reproduced in Table l.

=
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TARLE 1
THTENSITY OF GROWTH OF MICROBLAL CULTURES SUBJLCT T THY ACTION OF
LOW THMPERA TURES

(from =179 to =20°)

Name ) )
~of Freezing Test Time (in Days)
Cul ture Strain No Medium 15 30 60 S0 120 150 180 210
Salmonella physiological+++ +++ 44+ +.0 . = oo - - -
enteriditis 315/9 solution :
gelatin R = = N 2 +
: serum L b b b bR b s s
: Salmonella :

] enteriditis 7/x : serun ded ke b Al bk 4 i+t +ht
; Salmonella i o ; ’
. cholerad=suis 133 serum N s d 2= ERN ot b
" Malignant anthrax physiological

cul ture 1 solution Fhb Fhd bbb bbb - - -
gelatin e - - -
: serum B TR = T N L +++ ++ +
Brucella 1 physiological
solution ERGR G R S I - - -
gelatj_n R R At A S + - -
serum S T S 4+ +++ +
" Streptococcus equi D 9/1 physiological
: solution B e = 2 S N - - -
gelatin B = L * -
: serum R = e +4 +++
i Sheep septicemia physiological
cul ture 2L sclution  +++ ++ - = = - - -
r gelatin it o+ - - - - - -
i serun R i G o I 2 + + +
Swine septicemia physiological
culture 252 solution #++ = = = = - - -
gelatin i m = = = - - -
serim R A S N 2 R + + +
Symbols: +++ intense growth
++ growth of medium intensity
+ weak growth
=« no growth
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From the data in Table 1 we can see thut the greatest ree~
slstance to low temperature was found in the paratyphoid and
brucellosis bacterla and in the bacterial pathogen of malignant
anthrax (vegetative form) and Streptococcus equi. The least re-
sistance to cold was found in bactefi& of ﬁhe Pagteurella group.
lowever when normal serum was added as a protective medium the
resistance of these bacteria increased several ti;nss. This
situation was confirmed by special experiments testing the

action of low temperature from =179 to -20° on the viability of

several investigators regarding the destructive effect of low

temperature on the viability of microbes where freezing altere

nates with periodic thawing.

In these experiments we added normal horse serum to the

samples. The microbial suspensions thus prepared were dosed out
at the rate of 1 ml per test tube., The tubes were flame-sealed
and placed under low temperaturs. The intervals when the action
of low bemperature was in effect amounted to 2«3 days while the

thawing periods were 2 hours long.
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EFF:CT OF LOW Ti{PHRATURE ON THE INTUNSITY OF GROWTH U: BACTEAIAL

Name
of
Cul ture

Salmonella ..
enteriditis

Salmonella
chol erae=suls

Salmonella
chol ¢rae-suis

CUL TURES IN CASES OF PLKIODIC THaWING

Freezing
Medium

physiological
solution
serum

physiological
solution
serum -

physiological
solution

Number of Thawings

s 6 7 8

serum
Streptocoecus equi D9/1 physioloical
solution
serum
Sheep septicemia physiological

culture & soiution
serun

Swine septicemia ological +
culture ution

Ditto physiological
solution
serum
Symbolss +++ intense growth
++ growth of medium intensity
+ weak growth

= no growth

From the data clted in Table 2 we can see that repeated
freezing and thewing did not have a very harmful effect on the
viability of microorganisms, Only Pasteurella bacteria, to which
a physiological solution had been added, lost their viability fol=-

lowing 3 freezings and thawings. Following the addition of serum
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the Pasteurella cultures acquired marked resistance to cold and

the bacterial cultures of Streptococcus equi and paratypheid
fever in calves and pigs, they had exceptional reslstance to low
temperature with repeated freezing and thawing. For instance,
thege microorganisms retsined viability when frozen and thawed 6
times when added to a physiclogical solution and 10 times when
added to serum. Obviéusly":fnese resuits do not 1=eprésent a-Limit

“ror ihese microbes since culture growth was still quite intense -

““when the investigations were terminated for technolopical:reasonsi:

Test expefﬁments with the cultures ‘of ba"cteria‘ of pafé-‘
typhoid fever of calves and Streptococcus equi in a serum medium
showed that they retained their virulent properties following pro=
longed freezing. These same cultures lost their virulence for
white mice to a great degree following repeated freezing and thau=-

ing although a portion of the mice died when inoculated with large

Thus the experiments which we carried out showed that in
taking measures to control brucellosis, paratyphoid fever, and
streptococcal and pasteurellar infections the great resistance
of these pathogens to low temperatures must be taken into consie
deration. Specific prophylactic measures against animal infection
and the disinfection of buildings must be carried out not haphazardly
but systematically at any time of the year depending on the ap-
pearance of the infection. In addition, there is apparently great
resistance to cold among other pathogeris as confirmed by experiments
in freeze~drying @ large number of different microorganisms, patho-
genic for man and animals, as well as by the prolonged life of
sporogenous and nonsporogenous microbes in soils of the.permafrost

20ne.
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Jur experiments g3Ve us the.opportunity to study ouly the
resistence of microorganisms to low temperatures without taking
into consideration the dying of the bacterial celis during- the
freezing process. With this aim we set up special experiments to
study the action of low tempera tures of =-17° and-200 on the vege=
tative form of the nalignant anthrax pathogen. 4 bouillon
culture of the anthrax pathogen cultured for 12 hours in a themc-r
Stat was transferred tnto mea t=peptone-agar and cultured for 10 .
hours. 'Ihé culture was washed with a ph,ysiplogical saline solue
tion and tested in a diluted drop and in a strained smear for

the absence of spore forma tHon,

After establishing the optical concentration according J;;o
the bacterial standard of 500 million bacterial cells per ml the
culture of malignant anthrax pathogen was diluted 4o 1:1 in one
case with a physiologicsl solu and in another with a 10%

solution of gelatin. Both dilutions were poured into test tubes

{0s5 nl each) and frozen 2t «17° and =209,

Before freezing began, the number of viable anthrax bacilli
was determined in each dilution by trensference to mea t=peptone=
agar in bacteriological dishes. Analogous investigations were
made after the test tubes had been in a refrigerator 2 hours and
then again after 1, 5, @05 40, and 60 days. hs a result it was
established that after 2 hours of low temperature the number of
living bacterial cells is 61.8% in the gelatin cul ture. After 2i
ours the number of visble cells had dropped to 37.2%. A further
decline continued gradually and reached L4,5% by the sixtieth day.
In the culture without gelatin the dying process took place much
more rapidly and no growth of anthrax culture was observed cn the

sixtieth day when a culture medium was seeded with the final dilution,

-72 -
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From the data clted it is clear that the dying process
among microorganisms takes place under low temperatures with a
greater intensity during the first hours than during the sub-
sequent period. The use of gelatin as a protective medium is
very effective. While the number of viable bacterial anthrax
cells in a gelatin culture wes 61.8% following 2.hours in the
cold, 37.2% after 24 hours, 25.6% after 5 days, 23.2% after 20
days, l4,5% after U0 days, and L.5% after 60 days, the dying
process was much more rapid in thé cultures without gelatin.
There the numoer of viable cells in a physiological solution

~Coldy 18.u% e

after 5 days, 4.5% after 20 days, 3.0% after 40 days, and after

60 days there was no growth at all (Figure 21).

khen an analogous experiment was set up with other strains

of the anthrax pathogen in a serum medium the cul ture reteined
its viability fer 200 days. However, the dying process of the

bacterlal cells preceeded in the same fashion.

Thus our experiments aimed at studying the resistance of
ganisms t0 low temperatures indicated thst microbial
cultures in the majority of cases reveal pronounced resistance to

cold and are capavle of reteining thelr vital properties for a

long time in a frozen statie.

In considering the question of the resistance and dying of
microorganisms when affected by low temperatures it must be
pointed out that the mechanism of this action has until recently

not been guite clear.

V. V. Yefrimov (1922), in studying the action of lew tempera=-

ture on infusoria, observed that the destruction of the infusoria
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takes place not as the result of ice pressure developing around
the infusorisl body but as the result of the formation of ice
crystals in the colloidal membrane and in the very protoplasm of
the cell. In this czse the ice crystals extract molsture from

the organism of the infusoria whkich causes irreversible changes in

the cells. At the same time he observed that the higher tempera-

o " en T o Fwveces 3 1 s F . -~
tures, near the Ireszing point; effect the

organisms more strongly than the lower terperatures.

Tn the works of E. Ya. Grayevskiy (1946-19u48) and other
investigators it is shown that the retention of viability in
bacterial and plant cells is caused by the presence or absence

of ice crystals in them during freazing.

The so-called theory of vitrification of living ceils served
as the basis for explanations of this type. The authors believe
that under the sction of low temperatures (=172°) the solidification
s sets in suddenly, thanks to which

of the protoplasm of living cel

i the liquid substances in the cells and the liquid of the surrounding

-t

medium pass into a vitreous state, by-passing the phase of crystale
lization. When higher temperatures are used in freezing the solidie=
fication of the cellular protoplasm takes place more slowly in view
of which the crystals which cause their destruction are formed in

the cells and in the surrounding liquid.

E. Ya. Grayevskiy used liquid air on amebae, spemmatozoa of
frogs, spermatozoa of rats and dogs, unicellular layers of epi-
dermis from an onion skin, muscle fibers of a frog; and certain
microbial cultures. Positive results of resuscitation were ob-
tained in experiments with the spermatozoa of frogs, the onion skin
epldermis, and the microbial cultures. In this case great interest
is aroused by the results of experiments with microblal cultur
since the subject of the chapter at hand is the ansbiosis of micro-

organisms.

-7k -
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From a number of microbial cultures, %. Ya. Grayevskiy sube
Jected strains of typhoid fever, paratyphoid 4 and B and Breslau
culture, dysentery, Escherichia coli; and yeasts to the action of
liquid air. As a result i.t was determined that deep freezing has
a different effect on the viability and biological properties of
microbial cultures. For instance, in cultures of certain species,
yeast, for example, he noticed an abrupt decline in the number of
living cells while in other species of bacteria a large part of
the cells retained their viability. It was also determined that
the number of viable bacteria cells and yeasts following deep
freezing fluctua tes greatly from experiment o experiment. Despite
this fact, the author concludes that deep freezing of microbial
cul tures has a less disadvantageous effect than higher freezing
tempera tures although this statement cannot be confirmed by more
specific and accurate data. The author believes that it is not
the low temperature in itself which causes damage to the cells
but the crystalliszation of frozen w

only at the moment of ¢

It must be pointed o at date on the viubility and
dying of microbial cells acted upon by liquid air; cited by
Grayevskiy in his work, still do not indicate the more favorable
effect of deep freezing on the viability of microbes. Analogous
resul t5 are usually obtained when microbial cul tures are treated
with temperatures of «20° and =70°, As fo_r_A the extremely great ree
sistance of microbial cells to low temperatures in general, this
is apparently related not only to crystallization but to the

biological properties of microorganisms as the most minute crestures.

Other investigators, like Grayevskiy, have succeeded in
vitrifying the spematozoa of a frog. Following thawing and warming,
approximately 20% of the spemmatozoa were viable. Experiments in

vitrifying moss leaves were likewlse successful.

- 75 =

Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81-01043R000400010006-6



Sanitized Copy Approved for Release 200/0/15 - CIA-RDP81-01043R000400010006-6

1t must however be pointed out thst experiments in vitrifi-
cation carried out by Grayevskiy and other investigators were
much more successful when the spermatozoa of frogs or moss leaves
were first more or less dehydrated through the action of strong

sugar solutionse.

1 with beer yeasts showed that

for @ successful transition from the liguid state to the vitreous. :
without going through the crystallization phase the organism must
‘have very emall dimensions since in this way there is less possi-
bility for the formation of crystallization centers in it. In
order to avoid the formation of crystals.in the microbia

rapldity with which the low temperature acts on the organism must

be extremely great.

When beer yeasts were cocled to low temperatures we used a
special method for staining the cells with methylene blue. This
method allowed us to determine the amount of dead and viaeble cells
since the first took on a dark stain and could easily be calculated

from microphotographs while the others remained unstained.

The authors of these experiments believe that the less the
number of cells undergoing deep chilling the less the likelihood
of erystals forming in them and vice versa, the greater the number

of cells the greater the possibility of the formation of ice crystais.

While this situation does not exclude the theoretical explanae
tion of the causes of the great resistance of plant organisme and
microbial cultures to low temperatures as vitrification, it does,
however, indicate that in microbial cells the ice crystals apparently
do not form, thanks to their small dimensions. As for the great ree

sistance of the microorgsnisms to deep freezing and certain advantages

- 76 -
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of cooling the microbes at low temperatures, this may be explained
by the fact that at these temperatures evidence of irregular effect
of cold on the microbes and factors of partial defrosting (thawing)
are completely eliminated. Partial thawing during freezing has a
very unfavorable effect on the organisms. This alone, from our
point of view, is the advantage of cooling to very low temperatures
18 found i 7 3 ihe positive side of low temperatures
(=172°, «2529) must be included in their use for deep freezing more
complex orgenisms with larger dimensions than the microbial cell.,
In this case the vitrification factor muét be of great importance
since thé sudden solidification of the body wi

zation ghase prevents the fazmation of ice ecrystals which cause

the death of the organiem.

In reviewing the causes of the resistance to cold in plant
cells, microbial cultures, and microscopic animals we must consie
der the problem of the resistance to cold of spematozoa of mammals.
In this case we must look at the work of T. V. Swirnov (1919) who
reported on extremely interesting experiments with the deep freezing
of spermatozoa of mammals. The author started with the vitrifica-
tion theory. He managed to develop & method for preserving all the
biological propertles of rabbit spemetozoa for a long time (up to
32 days) and in principle solved the problem of preserving sperma=-

tozoa of bulls, stallions, and rams in a frozen state.

T« V. Smirnov points out that attempts to preserve the
viability of mammalian semen by freezing at =60, «1%, and ~20° have
not been crowned by success. For this reason he believes that the
preservation of vital properties of spermatoioa and their capac'ity
for insemination can be achieved only by deep freezing at a tempera=-

ture of =780 and -1940 temperature the vitreeus state
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of the spermatozoa is achieved without passing through the
crystallization phase. In making experiments to preserve the
spematozoa of rabbits 'at termperature of -76° and -l96° and to use
them for the impregnation of does, I. V, Smirnov obtained most
encouraging results. For instance, when he inseminated 61 does

with spematozoa kept for verious lengths of time (2, 15, 21, and

32 days) under deep freeze conditions, he obtained litters from

39 does with the young rabbits having a satisfactory course of
development. The data obtained allowed the author to conclude
in favor of the use of deep freezing for the preservation of

semen and thelr use for artificial insamination.

Thus the action of low temperatures on the more complex
organisms of the spermatozoa under specific conditions not only
does not result in their destruction but contributes to preserving

their viable snd fertilizing properties for & longer time.

At present the deep freeze method Ls likewise being used
with the aim of preserving the smallest Lnvisible beinys, the
viruses, {or a long time. Although this method is not as much
improved as the drying method, it does permit us to preserve the

virulent properties of viruses under laberatory conditions.

In analyzing the exceptionally gre:t resistance to low
temperatures of microbiel cultures, micrescopic animals (rotifers,
tardigrades, nematodes, infuscria, and others), and the spermatozoa
of frogs and rabbiis, the question arises as to what are the

causes of this resistance.

If we review the problems of anabiosis of living creatures

under the action of cold we find it established that in freezing
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is not too low, for exsmple =20° to =30°, the organisms retain
their vital properties although greatly retarded, in the opinior
of individual investigators (Shmidt, Lozina-Lozinskiy, Sakharov).
If the cooling temperature is very low (-252°, =272°), approaching
absolute zero, certain authors (Preyer, Claude Bernard, P. Yu.
Shmidt) believe that cell 1ifc comes to a complete halt and ana-

biesis 4s conceived by Preyer and Y. I. Bakhmet'yev sets in.

However these assertions may not be wholly correct since
the resistance of microorganisms and microscopic animals to low
temperatures must obviously be determined not by the nwﬁber of
degrees of the freezins temperature but by_their biological.
properties, by the simpler cell structure of the organism, and by
their size. This can be confirmed by the results of numerous ine
vestigators who have studied the effect of low temperatures on
various organisms. For instance, the use of cold in our experie
ments in freezing cultures of the anthrax path: showed that
temperatures of =17° and =20° cause the destruction of 36.2% of
the microbisl cells during the first 2 hours and thet the dying of
the microbes then proceeds vsry slowly. If cultures are frozen
at =179, <20° in a mixture with serum colloid, the viability of the
various pathogens of infectious diseases can be preserved for 10
months and longer without diminishing the intensity of growth

when transferred to nutritive media,

Unsuccessful attempts at freezing and reviving many of the
simplest organisms can apparently be explained by their comparas
tively complex strueture and greater size. In order to overcome
this obstacle it is necessary that such organisms be partially de-
hydrated in advance or treated with a mucilage agent. This is in-
dicated by the most i 3 i om using serum
colloid in our experiments with microbial cultures and from Grayevekiy's
preliminary treatment of freg and rooster spermastozoa with strong salt

and sugar sclutions before freezing.

.79 -
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Anabiosis in Desiccation

Many investigations have been made with regerd to the phenomenon
of anabiosis in the desiccation of aicroscopic animals, such as in-

habitants of the mosses and lichens, insects, amphibians, and some

warm blooded snimals. Soviet scientlsts espe 1ally have conducted

extensive research in this field.

There is no reason for stopping to treat problems of anabiosis
in the desiccation of insects, amp’ni ians, or wam blooded animals,
since this would. take us off into snother area and would make more
difficult a concrete exposition of the problems of anablosis in

microscopic animals and microorganisms.

As already indicated, the definition glven by Preyer (1673) of
the condition of dried microscopic animals, that is, rotifers,
tardigrades, and nematodes, as anabiotic with total cessation of
mani festations of 1ife continued TG pe contested by many investi-
gators. The author in his work on anabiosis identiified 2 contrary

is when a

3

7

)
F
]
+
o
o+

forms of the absence of 1ife. The

may be lifeless yet capable of 1ife and the second when a creature

is lifeless but incapable of life, that is, dead.
P 3 3

This is the starting point for treating the concepts of
anabiosis of organisms during desiccation when the organism is in
s lifeless condition but is capable of revivirg when environmental

conditions are changed. Some other investigators hold to this same

point of view.

Ye. A. ShulMs dried rotifers, tardigrades, and nematodes
and established that when water was added the animals revived. The
author also studied the question as to whether vital functions cease

during desiccation. In order to do this he placed dried organisms

for 2 weeks in pure hydrogen and the animals revived after thawing
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and hydration. This experiment, in the author's cpinion, proves
the absence of gas exchange and oxldizing processes in the

organism of the dried animals.

A great deal of work on the effect of desiccation on the
organisms of rotifers, tardigrades and nematodes was dore by P.
Yu. Shmidt (1922), ke determined thut a change in moisture and
temperature has s destructive effect on the viablility ofvthe .
organisms when kept in a dry state and e larger number of dried

animals die as the storage time is extended,

In order to test the possibility of total desiccatiofy, P, 7

Yu. Shmid't. made the following experiments with rotifers. The - o '
é;;'ximals were first dried on covered slides in air and then pla(yzedw
in test tubes with calcium chloride for more conplete desiccation.
After this the rotifers were transferred %o wide tubes containing
metallic sodium. For 16 days the air was exhausted from the test
tubes by a mercury pump with the vacuum reaching 0.2 mm. Then

the test tubes with the rotifers

months,

This method allowed the investigator to remove traces of
moisture from the dry rotifers., The metalliic sodium was theree
upon converted into sedium hydroxide. In this case oxXygen was
removed from the test tubes containing the rotifers and only a
small amount of nitrogen and hydrogen remsined in them. When

tested after 3 months a portion of the rotifers revived.

P. Yu. Shmidt believes that with the removal of moisture
from the rotifer organism and the absence of oxygen in the test
tube respiratory processes in the organism cease. However, obe
. Jections regarding minimal (retarded) life are not eliminated by
these , 3 iould necese=
sitate subjecting the dried rotifers to the action of very low

tempera tures,

-8 -
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Experiments in drylng rotifers, tardigrades, and nematodes
in rapproximately the same form were carried out in 1923 by other
scientists and proof was given of the possibility of these animals®
retention of their viable properties for a long time in a dry
states In addition, the dry organisms were subjected to cold by
placing them in liguid air at & temperature of -1800, in liquid
hydregen at a temperature of -253% and 1iquid helium at =271°,

of liquid air showed that the animals retainsd their -

viability at this temperature for 20 months. They did not lose

their viability when under the influence of Liquid hydregen tor

~”

26 hours nor under liquid helium for 7 hours.

P. Yu. Shmidt in his book, Anabioz [Anabiosis] (19u8), in
analyzing data from observations of investigators in the field of
the anabiosis of rotifers, tardigrades, and nematocdes, points out
that very retarded life pro cesses may take place in the organism
of the dry rotifers, tardigrades, and nematodes only when they
are dried under natural conditions where a slight amount of
moisture may be retzined. Under experimental drying and storage
wnder vacuum the vital process in the organism of these creatures
cones to a complete halt. This lifeless state; in P. Yu. Shmidt's
opinion, may last for a very iong time and after the vacuum i8
resolved and water is added the life processes of the organism are

restored and the animal revives.

As a basis for a theoretical hypothesis en the cessation of
life processes when rotifers, tardigrades, and nematodes are desic-
cated experimentally, P. Yu. Shmidt cites the deep freeze factor.
while minimal gas exchange, and consequently, retarded life are
theoretically possible in dry organisms that contain a little

moisture and are kept under natural conditions, the author says,
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with *he action of low temperatures of =253° and =-271° no life
processes or gas exchange in the organism are possible. Hence
P. Yu. Shmidt in essence shares the opinion of those who believ'er
that individual living creatures may have a total cessation of
life processes during desiccation and may revive following the

addition of water.

Beequerel holds approximstely the same point of view with
regard io auabiosis in the inhabitents of mosses and lichens
(rotifers, tardigrades, infusoria, amebae) and certain algase when
dried under natural and artificisl conditions. For example, he

believes that in desiccation these creatures pass from active to

. - - —
retarded life. This retarded life of individusl organisms in a
dry state under vacuum may last not for months but for years. For
instance, cultures of algae dried by Becquerel and kept in a dry

state wnder vacuum for 22 years were viable when examined. At the

same time he believes that certain organisms, and algae in

liguid nitregen and for 7.5-16 hours in liquid helium, pass inte
a "state of the absence of life," that is, into & state of

anabiosis in Preyer's meaning of the word.

Thus the basis for adherents of the theory of total cessation
of life processes in the dry orgsnism of microscopic animals is
the criterion of the capacity of the orgenism to resist deep freez=
ing in a dry state. However there is hardly any difference in the
effect on the body of almost total desiccation without oxygen and
deep freezing., If we appresch this question from the point of view
of the presence or absence or the metabelic process in the organism,
they nust in a like degree be reduced to the minimum or to tetal

cessation. In addition, the action of deep freezing on the orgsnism
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already in a dry state carmot be stronger if only for the reason
thet the orgenism in this case contains practically no water and

is extremely resistant to the action of environmental conditions,
inecluding deep freezing and heating, In addition, we cen hardly
distinguish the effect of a temperature of <759 or «180° en the
organism in a dry state from thut of deep-freeze temperature (=253°,

-2T1°).

In seums to us that the criterion of the cessation of

> in the organisms of rotifers, tardigrades, and

factor of nce ol metabollsm in the organisms of these
animals. We still do not know & situation where meitabolism would
be possible in even a retarded form when organisms are kept for a

very long time in a dry state under vacuum.

wWhile treating the adherents of the idea of minimal life in
organisms when desiccated, we must point out the work of certain
investigators. Some of them, for exsmple, believe that desicca=
ion, like low temperatures, creates conditions under which all
chemical reactions are impeded, thanks to which there is less
destruction in the rotifer organism. The authors express the con-
Jecture that the drying of the rotifers is apparently not abso=
lute, that some traces of moisture remsirn in the body and this is
sufficient for the prolongation of life. As a result of observae
tions the investigators come to the conclusion that there is no
basis for assuming a totel cessation of metabolism in the body of
the dried rotifers. While there is a trace of moisture, life
processes are possible although obviously in a very retarded form.
Thus the authors believe that rotiflers in a dry state have a latent

and retarded life.
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Tn his book on Spyachka zhivotnykh [Dormancy in Animals) '

(1936), N. 1. Kalabukhov points to 1bilit; processes
and consequently of retarded metabolism in the organiesm of dried
rotifers, tardigrades, and nems todes subjected to desiccation under
natural conditions. In addition, the author believes that life
processes are possible even under artificial desiccation if

certain amount of moisture is retained in the body. For

the author expresses doubts as to the total cessation of

since the possibility of reviving dried animals is limited to a

that 1s,

depsnds.wholly on the length of the storage

period in a dry state.

On the problem of anabiosis in tardigrades during desicca=-
tion we have the report of K. F. Lebunets (1950) in which the author
describes his experiments using the in vivo method of staining
reserve cells with neutral red in order to elucidate the phenomenon

of desiccation of animals.

The fact is that in the cevity of the vardigrades there is &
reserve substance called the reserve cells. The latter contain a
nutritive substance and during hunyger the number oi these cells
decreases in view of the consusption of the nutritive material

bound in them.

Having set himself the job of studylng the condition of the
tardigrade orgenism in the dry state, N. F. Labunets quite core
rectly turned his attention to the problem of the possibility of
fixing these cells in order to determine the presence or absence
of 1ife processes in the organisms of these animals. For this pure
poese he propesed a special method for staining the reserve cells of
tardigrades red in vivo by using neutral red. When the tardigrades

are placed in the stein solution the first %o be stained ere the
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reserve cells of the throat, then of the entire intestinal tract

(the stain penetrates only through the intestine but not through
the cuticie)s After 2 days the tardigrades were removed frum the
stain solution, the number of steined reserve cells was compu ted
and a sketch was made of the.body of each tardigrade (Figure 22).
After this the stained tardigrades were dried on object glasses in
a desiccator ove.r- calcium chloride at a tempera‘turd of 1u°, 15° for

different periods of time (from 10 to 60 days) snd then hydrated

for the purpose of total restoration of iife precesses.,

As & result of th: experiments done by . F. Labunets he
determined that in the organisms of revived tardigraydes there had -
taken place grave modifications in the sense of a reduction in

the number of reserve cells.

The diminution in the number of reserve cells in tardigrades
during the period in the desiccator shows that vital processes in
the orgeniem do not cease during desiccstion since the dying eof

the reserve cells indicates the consunption of the accumulated

nutritive materisl found in them.

Thus the theoretical hypotheses of a number of investigators
on the retarded (minimal) life for a short period of time in the
organism of microscopic animals such as the tardigrade, rotifer,
and nematode in a dry state under natural conditions were proven

by the experiments of N. F. Labunets.

However these experiments must not be considered as proof
in explaining the vital processes in the organism of tardigrades
kept for a long time in a dry state under vacuum. Labunets used
a simple drying method without using a deep vacuum and his obser-

vations of the dried animals were made during a very limited period
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of time (10-60 days). In addition, inasmuch as the tardigrades
were dried in a desiccater without a deep vacuum, the degree of
desiccation was obviously not thorough which might cause a

gradual dying of the reserve cells ss the tardigrades dried out.
Labunets' experiment is closer to natural c.onditiops of desicca-
tion of the tardigrades in mosses and lichens than to experimental

desiccation in & vacuum apparatus with subsequent long stierage

under va¢uwin.

While the theoretical baéis of the v1‘oa}. ’processkesk
roivifers, ﬁrdigrades, and nematodes during dek&icﬁca t.Lon lpreéerkxkted
very gredt difficulties; the problem of manifestations‘o‘i‘ i:'.fe* :
when minute creatures like the microorgaenisms are dried is dife

ficult to an even greater degres.

The study of manifestations of anabiosis in rotifers,
tardigrades, and nematodes in the dry state has permitted invesiie
gators to penetrate more deeply i.‘ﬁto the essence of the biolcé_zicai
properties of these animals. Their comparatively great size makes
it easier to observe each animal apart under normal conditions under
the micrescope, in a dry stete, and during the restoration of vital
processes, that is, during the transition from the dry to the
original state, Making such observations during the siudy of dry
microbic cultures has been hampered greatly by the extremely small

size of the microbisl cells.

In our work on the desiccation of microorganisms we aimed at
studying the manifestations of life in microbes in a dry state.
As a basis for our research we selectsd the well known tenet of I. V.
Michurin and T, ) egerding the role ef the environment
and its eifect on the organism. By changing the environment of the

microves during desiccation we basically changed their metabolism.
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4s a consequence of the radical change in the environment the
viability of the microbes was not lost but was succeeded, ap-

parently, by a temporary cessation in the vital processes.

Before passing to a survey of the questlon of anabiosis
in microorganisms during desiccation, let us deal briefly with
characteristics of nutrition and respiration in microbes under

ordinary condition of cultivation.

As we kinow, a constant metabolic exchange between the

cell and the external environment is a necessary condition for

: - of: the mick ... The microbes assimilate ana excrete

various ;ases and liguid substarces during metabolism. In the

microvial cell numerous complex jrocesses of assimilstion and

dissimilation are constantly taking place. The nutrition of the
microbes demands nitrogencus substances, carbohydrates, and a
small amount of the minerals. The nitrogenous substances are

A

asea up v f

o the body of the misranial cell while the
=] = v - T -

nomnitrogenous substances {carbohydrates) serve as a source of

€nergye

The process of microbial nutrition is accompanied by &
destruction of substances and their conversion into new compounds,
The destruction of various substences in the microbial cell is in
turn accompenied by exothemmic reactions which constitute the
essential feature of respiration for a large number of microbes.
Thus during metabolism the microbes are in constant need of nutri-

tive substances and free energy.

The processes of nutrition and respiration are constant in
the microbial! cells and the more energy involved in these metabolic
processes the more intensive the developmental activity, that is,
propagation, aging, and dying. The termination of these processes

first brings the micrebe to retarded life and then to death.
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Among the elements necessary for microbe nutrition, the
principal place is occupied by the organogens C, K, and O from
which protein, the principal 1ife bearer, is constructed.
Microbe nutrition takes place under conditions of specifie
humidity when the nutritive substances are capable of passing
throngh the membrane of the microbial cell. For this reason
microbisl cells contain an average of 80% water. Studies have
sbown that the water pontained in any nutritive substrate where
microbes propagate has a marked influence on the entire course

of their development. From this it is clear that nutritive

substunces dissolved in water are one of the essential condi-

tions under whiech the nutriti i baete: takes place,

All the characteristics of the cells, that is, the
capacity to reproduce and the capacity for motion and metabolism
depend basically on the presence of moisture in the external
environment and

in _the amount of water ih the living cell under normal

conditions is reflected very strongly in its viability. The ab-
sence or insufficiency of moisture in microbiel cells may induce

a cessation of all vital functions and even death.

& second basic condition for the vital processes of
bacteria is respiration. PFacultative anserobes absorb atmospheric
oxygen and secrete carbon dioxide and water as end products of
respivetory exchange. Many species of microbes possess an income
plete respiration where the processes of oxidation of organic
substances does not carry through to the formation of carben

dioxide and water as end products of exidation.

The respiration process in anaerobic bacteria takes place not

through oxidation but through the splitting of organic compounds in
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the absence of free atmospheric oxygen. For this purpose the
exothermic reaction may be utilized, characterized by the libera-
tion of energy independently of whether it is oxldation or
reduction. However, certain anaerobic bacteria may aevelop under
environmental conditions where there is a slight amount of oxygen.
In addition, anaerobic microorganisms utiiize for their develop=
ment the oxygen of nutritive media where it is bound with organic

compournds

In general, indspendently of the nsture of respiration in
various micrebes when stored under ordinary conditions they need
sertain conditions; that is, the presence of a liquid mecdium.

Otherwise the process of gas exchange in microbes must inevitably

come to a halt which in turn induces a termination in metabolism.

As we see from the above, microbes require nutritive sub-
stances, water, and atm?éi)heric oxygen for life and developnent.
For a maximal retardation of the life processes in micrebial cells,
for cessation, that is, where the cell is in a state of anabiosis,
the microbes must be deprived of moisture and atmospheric oxygen.
These conditions are created when microbial cultures are desiccated
and stored under vacuum. However, it is not enough simply to

transfer the microorganisms from one state to another.

In order to achieve the preservation of a significant number
of visble individusls and their basic biological properties we need
to create a special defensive medium based on the biological

properties cf the microbes.

Thus, in the light of present day knowledge of the problem
of desiccation of biological substances snd living oreatures we

nead not only to develop new metheds for preserving the cul tural
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biochemical and virulent properties of microorganiams but to find

@ theoretical basis for the possibility of prolonging the life of

microbes under new and artificially created conditions.

The complexity of detemmining the state of such micro-
scopically small creatures as microbial cells in the dry stage
iimited us in our study of this problem with relation to the use
of already known methods. Yor instance, it was impossible to
use the microscope to study the visible condition of microbial
‘cells (stage of desiceation and revival following addition of
water). In this case, when studying dry cultures, we had to
ziploy methods
cultures under vacuum, and a study of the viability of the microbes
by determining the number of living microbial cells after a

specific storage neriod.

The method of desiccating microbial cells from the frozen
state under vacuum has been widely used in medicsl and veterinary
> published on this problem we have had by
and large a description of the techmology of desiccation and the
se of dry microbial cultures. However there are as yet no ex=-
hauetive explanations of the exceptional resistance to the influence
of the environment which is acquired by microbial cells when

desiccated artificially.

As already pointed out, while the preservation of life in
microbes under ordinary conditions requires certain conditions
such as the presence of moisture, nutritive substances, and at-
mospheric oxygen, the preservation of viability in desiccated
microbes requires a directly opposing environment. In this we

arting causes
(desiccation) are converted into positive ones where there is an

abrupt change in the environment of the microorganisms.

-9l -

Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81-01043R000400010006-6



However, it would be incorrect to believe that desiccation

alone is sufficient for this. In order tv preserve life as leng

as possible in dry cultures; many investigaters have spent a 1ot

of time seeking additional substances which aid in protecting the
microbial cells during experimental desiccation and during preser-
vatloii. Such protective substances are the protein colloids and
certain crystalloids., In additior deep vacuum must be added to

the number of defensive factors.

35

In order to change the character of the life of micrebes
it was necessary to create conditions under whieh there would not
be a temination of life, that is,; death, but at the same time
there would not be intensive life processes in the microbial cells,
since the more iritense the vital processes, metzbolic processes,
developmental processes, the more rapid the aging and dying of
the microbial cells. TFor instance, we know that the average rate
of propagation of microbial cells in the majority of bacterial
spscles i pproximately 70 generations per day, that is, cell
division takes place each 17=25 minutes. ] > part
of the microbes soon start to die while another portion of the
ceils continues to develop and produce new generations of cells »
etc., Hence it follows in theory that the more retarded the vital
processes in microbial cells, the longer the viability of the

cells should be retained.

with regard to explaining the retarded life processes in
certain microscopic animals and microorganisms under natural cone
ditions it is essential to point out manifestations of retarded
life in certain more highly organized animals which go inte
periodic hibermation. . During this time the ncurishment of ths

animals from without comes to an end and the vital processes in
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the body take place much more slowly. Almost the same thing can
be observed in the inhabitants of the mosses and lichens when the
rdigrades, and nmatodeé and certain
other animals wh:’.qh become encysted under natural conditions are
capable during desiccation of passing into an anabiotic state
and preserving their vital properties for a long time. The vital
processes in these dried animals are very slow, in the opinion of

the majority of investigators.

fAmong the microorganisms capable of undergoing desiccation

under natural conditions mus&;::t')e included nhe épordgehbu}i microbes
of the seil. During  thelr evolubtionary development the latter
worked out a defense reaction against unfavorable influences on
the part of the enviromment. This reaction is characterized by a
large loss of water in the cells, by intensive thickening of the
protoplasm, and the formation of an almost impenetrable membrane
Fround tie Spare. We suppose that the vital processes in these

spores is greatly retarded, that is, they are in a state of anablosis.

if we analyze all that we have said avout the anabiosis of
microscopic animals and sporogenous microbes under natural condi-

tions, we may draw the following conclusions.

By experimentally changing environmentsl conditions of none
sporoygenous labile microorganisms, we may induce in them a state
of anabiosis. For this reason the work of many investigators in
the field of desiccation of variows cultures has been characterized
by a tendency toward the creation of new conditions for the micro-

organisms and viruses.

In studying the length of time during which dry microbial
cultures can retain their visbility some authors (Dolinov and

Balayan, Kolesov, Kozlov, Del'nik and Vinogradov) tested not only
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their vegetatlive biochenical and virulent properties but took into
consideration the number of viable and dying microbial cells. 4s
a result of the research it has been established that the vitel

properties of dry microbial cells are preserved for a very long time.

For instance, K. Ye. Dolinov and L. B. Balayan (1%46) in=
vestigated strains
months and established the gradual dying of some microbial cells.
The authors point out that the number of viable microbes follow-

ing desiccation and preservation under vacuum for 38 months was

reduced in one case to 33 and in another to T9%. It is characteristic

that the viable propez‘ties of pneuvlor\ococgal microbes are retained
much vetter following desiccaﬁom in serum. For instance, the
number of viable pneumococcal cells dried in serum was 33-79% when
tested after 30 months, while in a desiccated bouillon culture the
nunber of viable cells reached only 2.8-8%. On this basis the
authors have concluded that the gradual dying of microorganisms
during their preservation in a dry state shows that the vital

P
28

e cell do not cease.

Kozlov, B. S. Del'nik, and V. V. Vinogradov (1948)
dried bacterial culitures of typhoid fever, paratyphoid A and B,
dysentery, brucellosis, staphylococcus, lscherichia coli, and
others. For a drying medium they used a 10% solution of sucrose
with 1.5% of gelatin., As a result of the examination it was found
that after a vear's preservation the dried microbial cultures con-
tained 1-7% viable cells. The slight percentage of viable cells
was regarded by the authors as a feature of the methodology employed
and as due to a slight trace of moisture in the cultures following

desiccation, However, this method, in the authors' opinions, is
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thoroughly useful for preserving musewm cultures. Concerning the
conditlon of the microbes, the zuthors indicate that the life

processes in dry cultures do not come to a halt and that lysis of
bacterla takes place during the entire preservation period under

vacuum and is even quite intense in the more labile cultures.

In our experiments (194L-1948) we dried bacterial cultures of
calf and pig paratyphoid fever, brucellosis, pasteurellosis, lamb
dysentery, strangles streptococci, swine erysipelas, zlenders, and
pullorum disease of poultry. 4 more detailed exposition of the -
resul ts of these experiments will be glven in a special chapter.
Here ve want only to mention the problems of viability ;>i' dry

microblal cultures and thelr resistance to external factors.

Many investigators (Dolinov and Balayan, Kozlov, Del'nik

and Vinogradov) have established the fact that as the result of

--the-dusiecation-of mi I-cultures in @ IToZen state ® certain

scientific literature

yet presented no data an 4 es of desth among the
microbial cells. We do not know whether this takes place as a
consequence of the action of low temperature or if the desiccation
process itself has an unfavorable effect on the individual microbes,
For this reason we thought it necessary to study the effect of each
fact by itself, in order to get a fuller concept of the causes of
death in microbial cells following freezing, desiccation, and

storage. With this aim in mind we set up special experiments

using a culture of the calf paratyphoid fever pathogen,

The order of the experiments was as follows. After washing
and detemmining the optical concentration in a paratyphoid culture

we determined the number of viable microbial c¢ells.  Then we added
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to the culture as a protective medium nommal serum in one case,

gelatin in s second, snd a physiological saline solution in a

third., The culture samples thus prepared were packed in specific

doses in ampules and first frozen and then dried.

Determining the number vi viable cells indicated that a
large percentage of the microbes die during freezing and a smaller
number during
the number of viable microbial cells following freezing was (0%,
following desiccation 48%. In the gelatin culture the number of
viable cells was 55.1% following freezing, Uy following desiccaw
tion. In the culture with the physiological seline solution the

humber of microbial cells after freezing was 13.6% and after

desiccation 7.3% (Figure 23).

Experiments showed that the wajority of the microbizl cells

die as a result of the action of cold and not as the result of

and desiccation.

In order to study the condition of the dried microbial
cultures during prolonged preservation we set up experiments for
detemining the number of viable cells. In this case the experi-
ment was made with the paratyphoid culture described above. The
culture was kept under vacuum in ampules at ordinary room tempera=
tures of 15-20° and 27°, In the culture dried with serum there
was 1.0e1.3% of residusl moisture, in the gelatin culture 3.4%,

and in the culture with no protein colloid 0.8-1.2%.

When the experiments were carried out we obtained the followe
ing results. In the serum culture after 12 months of storage the

rumber of viable microbial cells was 41.8%, after 24 months 34.5%,
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and after 36 months 30.i%f. In the gelatin culture the percentags

of viable microbes was 38,7 after 12 months, 13 after 2u months,

with no growth at all after 36 moriths, In the culture to which no

]

protein colloid had been added the number of viable microbial cells

wes U.5% after 12 months, 3.7% after 24 morths, and there was no

growth at all after 36 months (Figure 23).

}*rom’the éata cited from the study of bacterial cultures of .
the pathogen of paratyphoid fever in calves we can see that the ; 7 N
viable propertiss of microbes are not lost during desiccation and . ‘
storage under vacuum, despite the absence of moisture, nutritive i

— substances, and atmospheric oxygen. 7The viable properties of

I microbes in dry cultures may be preserved for an exceedingly long

time. This is plairly confirmed by the fact that as the length of

storage time of dry cultures increases the number of viable

microbial cells decresses graduelly. This may be explained by the

fact thet the processes of decay, in the dry cultures take place

hat in essence they even contribute to lengthen=

For instance, the principal and requisite conditions under
which anabiosis in microorganisms is possible are & protective

protein colloid, deep vacuum, and the drying factor.

From our experiments it can be seen that the selection of a

drying medium such as the protective protein colloid is of great
importance in preserving the viable properties of this or that dry
culture. For instance, normal serum as a protective medium during
desiccation was most effective, providing for a longer preserva-
tion of vitél properties in the microbic cultures in the dry state.
It must be indicated that we schieved positive results in all
cases where we used normal serbm as a protective medium for desice

ocation of some other microbial cultures.
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Although gelatin has pronounced protective characteristics )

as 8 drying medium during freezing and drying, the dying of the
microbes dried with gelatin takes place much faster than in

cul tures dried with serum. We also noticed manifestations of
lysis of microbial cells which were confirmed by a macro er

microscopic examination of the dissolved cultures and stained smears.

The lysis of cultures dried with gelatin and suerose has
also been indicated by other investigators. For exanple, Yu. A.
Kozlov, B. S. Del'nik, and V. V. Vinogradov used gelatin and

sucrose &s a drying medium and detemined the lvsis of microbes

when they were preserved in. a dry.state. This Process WAS . ,One
nected by the authors to the presence in the dry cultires of a

marked percentage of residual moisture (3=7).

Such @ view of the lysis of microbial cultures dried with

v gelatin is apparently correct since the more moisture in dry cultures

the more rapidly they die. 4s for the amount of residusl moisture

indicated by the authors (3-7%), it must be considered rather high,

for our eiperiments in determining the smount of residual moisture

in cul tures dried with serum showed that the residual moisture did

not exceed 0.4=0.7% to 1.0-1.5%. When cultures were dried with

gelatin and sucrose the amount of residual moisture was likewise

large (2.7%, 3.4%, U.178). We also noticed that gelatin as a pro-

tein colloid lends itself much less easily to drying.

The majorlty of bagterial cultures which we dried were

facultative anaerobes.

ks our experiment showed, their preserva=
tion in a dry state w! thout admission of free oxygen, that is, in
a vacuum, not only did not damage them but on the contrary had a

propivious effect on lengthening the preservation of vegetative,

cul tural biochemical, and virulent properties. For instance,
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. cultures dried with a serum collold and kept under vacwum for 5-6
— - years at room temperatures, possessed good vegetative properties
end a high virulence when tested. At the same time other samples
of these same cultures but preserved in vacuumless ampules filled

- with dry air produced no growth when tested after 15 mownths.
: 5 P g

The results of these experiments are produced in Table 3.

©o COMPARATIVE DATA ON TESTING DRY MICROOIAL CULTURES
TSl .. . PRESERVED WNDER VACUUM AND WITHOUT VACUWM =
LT g Length of =~ Hesul ts of
Wame of Sov L o sl Storuge Co s feeding Butritive
Cul ture No Y Gas Medium (in months) Media
Sslmonella enteriditis 5 vacuum - 75 e intense growth
. “dry sir - 15 no growth
Salmonella cholerae-suls 5 vacuum .18 ' intense growth
dry air 15 no growth
Poul try septicemia cul ture vacuum ) 48 intense growth
115 dry air 15 no growth
- Sheep septicemia culture vacuum 48 intense growth
- li,519 dry air 15 ne growth
Streptococcus equi D-9/1 vacuwn 66 intense growth
- dry air 15 no growth

We see from the table that the resistance of the dry
microbial cul tures in the preservation of their viable properties
depends on the presence or absence of atmospheric oxygen in the
ampules. Where there was a vacuum in the ampules, the cultures pro=-
duced intense growth when transferred to culture media, but where
the ampules contained zir dried by passing over newly regenerated

calcium sulfate the cultures produced no growth. Other experiments

showed that when dry cultures are kept in unsealed ampules with
constant access of atmospheric oxygen, the dying process of the

microorganisms is accelerated. Whereas microbes of dry cul tures

retained their viability for 15 months in ampules filled with dry

air and sealed, those in unsealed smpules were good only for 6e7

mon ths.
-99 =

Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81-01043R000400010006-6



hccelerated drying of dry mlcrobial cultures when stored
without a vacuum has also been pointed out by other investigators.
For instance, K. Ye. Dolinov, and L. B. Balayan found in testing
the viability of dry pneumococcal cultures that microorganisms
kept in dry air perished much earlier. For example, cultures kept
mder vacuum were viable for 38 months while those stored in

smpules filled with dry air were viable for 6<7 months.

In this connection we must weat the problems of the decomposi=-

tion of organic substances cited in the work of V. O, Tanson. In

studying the decomposition (disintegration) of orgenic substances

in peat bogs, V. 0. Tauson care

rapid and complete decomposition tekes pluce where there is consi-
derable atmospheric oxygen available, that is, on the surface of
the soil. In the deeper layers the decomposition of organic sube
stances proceeds much wmore slowly since the availability of oxygen-
is limited by other organic subst@lices, or rathcr decomposition

products, lying in the upper layers.

For instsnce, experiments and observations by both us and
other investigators have shown that one of the basic requirements

¢ microbial cultures in a dry state, in addition to

@

for preservin
dehydration and the use of a protective serum medium, is a deep
vacuum during storage. The greater the access of atmospheric

oxygen to the dry cul tures, the more rapidly they die. The rapid
destruction of dry microbial cul tures when stored without vacuum

may be explained by the fact that decomposition of protein in the

cul tures in this case takes place as the consequence of oxidation
processes. When kept under deep vacuum the anabiotic state prevents
the microbes from dying in large numbers, thanks to which their vital

properties are preserved for a longer time.
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In order to test the resistance of dry microorganisms to external
factors we subjected them to low and high temperatures. For instance,
dry cultures oi paratyphoid fever of calves and pigs, hemorthsgic septi-
cemia of sheep and Lens, brucellosis of swine, and Streptococcus equi
were placed in vecuum ampules in a refrigerator at a temperature of =179,
=200 and kept in ihe cold for 26 months. After this tme all these
cultures possessed good vegetative properties when trsnsterred to rutri-
tive media. The results of this experiment showed that the prolonged

_action of low temperature does not haves harmiul effect on the viab

of dry microbial cul tures.

Tests of the effect of nigh temperatures on dry microbisl
were made at 50°, 75% and 105%. In all cases the cul tures were
sezled ampuler under vecwum. The action of the 500 temperature
tinued wnbroken for L0 days (Teble iy,
T.BLE b
TYFECT OF HIG TidPRRATURE ON THE VIABIIITY OF DRY CULTURES
Length Hesults of Seeding on
MPB MPA
(__
+

e e  (mante
6 Lmpep— \mes i=pep=

H3
Name of Culture Strain Ne Thermostat crie=broth)tone=-agar)

Septicemia of hens 1660 50
Septicemia of sheep 2u 50
Septicemia of cattle 518 50

Brucellosis 39 50 Lo
Salmonella enteriditis 315/9 S0 40
Salmonella cholerae=suis 9 50 4o
Streptococcus equi D-9/41 50 Lo
Streptococcus equi D-9/2 50 Lo

Streptococcus equi -9/3 50 40

From Table U we can see that all the cultures with the exceptian

of strains of hmoi‘rhagis septicemia of hens and paratyphoid of pigs

possessed vegetative properties after LO days at a temperature of 50°,

- 101 .-
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At @ temperature of 75° the cuitures of Pasteurella re=

~5 hours and at 100-105% for le3 hours. Cultures
of btreptococcus equi and paratyphoid fever of calves retzined

their viability for 5«8 hours at 75° and for 3-5 hours at 100-105°,

Thus the date from these experiments show that by providing
new conditions for nonsporogenous microbial cultures, that is, by
desiccation, one may obtain a new quality in them, a high resistance

to high and low temperatures.

We must here point out that the cause of the very ;
sistance nf dry microbisl eunl
microbes undergo tota

by the fact that they are dried in a protective protein colloid.

The use of the desiccation method for microbial cultures and
their storage under vacuum radically change the medium in which they
exist. The question arises as to whether such powerful factors as
low temperature and almost total desiccation are able to affect the
nature of the microorganisms by causing a chenge in their hereditary
chaeracters. Tf these characters of the microorganisms do not change
is this not in contradiction with the Michurin doctrine that the
effect of the environment is the principal factor which effects the

hereditary characters of the organism.

Our experiments and the research of others in this field
indicate that natural properties of microorganisms subjscted to
desiccation and prolonged stora_ge under vacuum do not change.

This can be explained by the fact that vital processes of dry
microbial cultures kept under vacuum apparently ceme to a complete
halt, where metabolism in the sense that we understand it is

completely absent. But we know that the basis for the change in the

- 102 -
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nature of a living organism is metabolism since the doctrine of

T. D. Lyse 5 " causs of varistion in the living bedy is

a change in the type of acclimatization, in the type of metabolism.
Change the type of metabolism of a living body and you will

change its heredity pattern.”

We have alresdy pointed out that freszing and desiccation
of microbial cultures under experimental conditions not only does
not harm the vital properties of the microbes but on the other
hand contributes to & preservation of their cultural biochemical,
immunogenic, and virulent properties. For this reason questions
of the desiccation énd préservation of microbial cultures and
living bacterial vaccines in the work of veterinary snd medical
microbiological institutions has not only practical but great
theoretical importance. The significance of the theoretical answer
t0 these questions lies not only in the fact that methods for drying
microorganisms and living bscteriel vaccines and their preserva tion
in that state allows us to expand our knowledge of the life of
microbes. Barlier concepts of the viability of nonsporogenous
microorganisms following freezing desiccation were erroneous.
The dsta from our experiments and those of other investigators
offer evidence that nonsporogsnous microorgsnisms may be kept for
a long time in a frozen and dry state not only under experimental

but under natural conditions.

As for experimentsl desiccation of microbial cultures, in
this case the viability of nonsporogenous microbes has been pre=
served for years (5-6) by using a serum colloid protective medium
during desiccation and by storing them under vacuum. It must be

pointed out that microbial cultures in a dry state not ‘only possess

the capacity to grow when trensferred’ to a culture medium but
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praserve their cultursl biochemical, virulent, and immunogenic
properties. This confims our hypothesis of anabiosis in wminute
living creatures microorganisms as a property which permits us

not only to preserve their viability but to define the limits of
their life. A study of the condition of dried microorgsnisms which
have been preserved under vacuum for a long time shows that the
limits of life of microbes goes far beyond the limits heretofore

egstablished by science and practice.

In surveying problems connected with anabiosis in micro-

reanisme during desiccation we must deal briefly with the_causes
of the resistance of microbes. We wust assume that ‘oﬁé resistance
of bacteria is not a chance phenomenon, that during the evolutionary
process not only sporogenous but nonsporogenous microbes acquired
the capacity of resisting desiccation under natursl conditions.

This is confirmed by the teachings of T. D. Lysenko on the effect
of the environment on the formation of organisms anv(;‘\ the develop=
ment of hereditary characters in them. When subjected to desic-
cation under natural conditions, microbes like other organisms
developed capacities for retaining viability without manifesting
any visible life processes with which such phenomena as movement,

propagation and, most important, metebolism are usually associated.

The organism greatly reduces its vital functions during de-
siccation sinece dehydration at first diminishes and then completely
terminates processes of assimilation. Thus desiccation causes ménie
festations of great inhibition and possible cessation of life in
the organisms, as believed by some investigators, and this is

classified as anabiosis.

From what we said at the beginning of this chapter we saw

that the more complex and highly organized the organism the more
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rapid irreversible chsnges take place during desiccstion. This
means that manifestations of life and death in microbes and
other organisms must be associated with the fact that their vi-
ability is preserved in those instances where irreversible
processes have not taken place. In colloid chemistry, for ex-
ample, we distinguish between reversible and irreversible cole
loids. Following desiccation reversible colloids are totally
soluble in water while irreversible colloids settle down in the
form of & solid precipitate. As is the case with the desicca=-

tion of ricrobial cultures their viability sppsrently depends on

cation of microorgani‘sms reversible chanpges are easily produced
as a consequence of the almost total removal of moisture, the ‘
use of a protective protein colloid, and the presence oi a deep
vacuum during storage. However we must not assume that reversible
ce in micr is during expsrimental
desiccation make it possible to preserve their viability for an
indefinite time. In this case the dying processes in the dry
microbial cuitures, that is, the development of irreversible
changes, is gradusally prolonged. This indicates that micro-
organisms in a dry state even at the limit of 1life are still viable

when transferred to other conditions, that is, to & culture medium

vwhere their vital functions are completely restored.

In reviewing anabiosis from the biologlcal point of view we
must regard it as a physiological phenomenon, aimed at adapting
the organism t0 unfavorable external conditions and acquireﬁ during
the long course of evolution along with a number of other properties
necessary for the life of the orgenism. In defining the condition
of microorganisms during experimental desiccation as anabiosis, we

must assume that microbial cells are at the very edge of life. 'This

!
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condition in dry microorgenisms is indicated by the absence of
conditions under which those life processes usually take place
whieh are assoclated with movement, propagation, and metabolism.
In fact when microbial cultures are desiccated from a frozen
state in a vacuum apparatus they are almost completely dehydrated
and cAn be stored for years under vacuum, that is, in this case
the basic conditions of life for anaerobic microorganisms are

lackings moisture, nutritive substances, and atmospheric oxygen.

In this case we may cite the well known statement of F,
Engels: "Life is a way of existeunce of protein bodies, the es-
sential factor of which is the constant exchange of substances

with the external environment." (F. Fngels, Dialektika prirody

[Dialectic of Naturel, 1950, CGospolitizdst, page 2uk).

However;-we-mustnot consider-the microbial cells of dry

cul tures t be lifeless (dead) since when other conditians are
created, that is, moisture, nutritive medium, and oxygen are
lives, from the point of view of develoyment and
other physical; chemical, and biochemical indications, proceed
nomally. Thls brings us closer to the concept of the essence of
problems of life and death in microscopic creatures, the microbes,
when in a dry state. The death of microorganisms is evidently not
a simple termination of life processes. It is determined by the
destruction of vital elements in the organism with irreversible

changes characterized by the decay and decomposition of protein

substances.

As mentioned earlier, our experiments proved the great role
of normal serum as a protective medium in the desiccation and

preservation of bacterial cultures. The effectiveness of a serum
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medium as a protein colloid may in this instance be explained by
the fact thst arcund the microbial cell we apparently create a
membrane which protects the cell from the nfavorable action of

external factors.

Thus in drying bacterial cultures and preserving them in the
dry state 2 protective medium in the form of a protein colloid and
deep vacuum contribute to a longer state of anabiosis in the
microbial cells. In view of this fact, the concept of the vi-
ability of microorganisms whish have been dried must be reviewed
since bacterial cultures in & state of anabiosis and in a dry form _
-‘possess an er;tirely new quality which is characterized by great
resistance to.external environmental factors. For this reason,
when we look carefully at the problem of the life of minute

organisms from the materalistic point of view, we must point out

that the capacity for life is a feature of each protein body in=

In hig work Anti-Duehring, Engels says that "wherever there
is life, ve find that it is associated with some protein body, and
wherever there is a protein bedy not in the process of decomposie
tlon, we are, without exception, seeing manifestations of life"

(F. Engels, Anti-Duehring, 1951, Gospolitizdat, page 77).

We believe that in the theoretical concept of the problems
of anabiosls, that is, the viability of micreorganisms in a dry
state, we must start with the tenet of Engels since his treatment
of life is unsurpassed in its theoretical and methodological sig-
nificance. It is doubtless thoroughly applicable to both obvious
and concealed forms of manifestation of viability in microorganisms,

that is, to their anabiosis.
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CHAPTER V. DRY MICROBIAL CULTURES AND THEIR BIOLOG CAL PROPIRTL B

Research on the production of dry microbial cultures and a
study of their properties was first undertaken by us in 1944. Be=
fore this time experiments on drying certain micrebial cul tures
had been carried out by Soviet investigators, in the field of
medical microbiology. There is however no infomation on similar
work in the realm of veterinary practice., However methods for
keeping labile cultures as used in the practice of scientific
institutes and biological preparation plants were in need of ime

10wy for research work in institutes and for
the preparation of biologlcal preparations in commercial plants
we nead to use microbial cultures possessing certein morphological,
cultural, biochemical, antigenic, and virulent properties. This
_is one of the prerequisites provided for by all instructions and

directions both for producing vaccine preparations and in liyperim=
munization of producers of therapeutic and prophylactic, and

agnostic sera. In the mesntime there are not infrequently cases
in practice where %,heae properties of microbial cultures undergo
great modification during storage. In addition we must point out
that in order to preserve certain microbial cultures as, for
instance, pathogens of glanders, pasteurellosis, brucellosis and
other labile microorganisms, freguent transfers to special culture
media of a specific quality are required. This situation not only
causes technical difficulties but likewise creates conditions
favorable to the variation of microorganisms under the influence

of tha environment.

In solving these prebiems our blology starts, as we know,
from the correct theoretical toncept and practical observations

of the life of living substances under natural conditions., In
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developing new principles for preserving the cultural and biological
properties of producing cultures we have selected as our basis the
materialistic doctrine of IT. V. Michurin and T. D. Lysenko on the
effect of the enviromment on the vital capacities of microbial cells.
For this reason we found it necessary to study the effect on the
microbisl cell of conditions which are created during desiccation
and subsecquent sterage. That this influence must vary can be seen
from the features of the problem and for this reason we have given

very serious attention to this aspect.

In the chapter on anabliosis in microorganisms 1t has already
“been pointed out @t our experiments
of a serum medium in drying and preserving cultures of the calf

paratyphoid pathogen. In this case we believe 1t necessary to cite

only some illustrative data on the degree of viability of calf

desiccation. As already indicated, for a protective medium we added
to the culture in one case nomal serum in a 1l:l ratio; in another a
6% solution of gelatin in the same proportions and in a third case a
physiological solution. A count of the number of viable microbial
cells following exposure to low temperatures for 2 hours and the
termination of the drying process showed that many more microbes die
during the freezing process than during desiccation as we see from
the followimg data.

Number of Viable Microbial Cells

Before

freezing After freezing After desiccation
Drying Medium (in 1,000) in 1,000 in% in 1,000 in%

Serum 86,800 52,060 60  ul,664 u8
Gelatin 93,140 51,300 - 55.1 41,300 i

Physiological svlution 87,500 11,900 13.6 6,00
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The dry culture of peratyphold pathogen; kept under vacuum
at room temperature, was later tested after 12, 24, and 36 months
with the following results obtained.

Number of Living Microbial Cells

Gas after 12 months after 2u months after 36 months
Drying Medium Medium in 1,000 in% in 1,000 ink in 1,000 in®

vacuum 37,300 41.8 30,000  34.5 27,400  30.4

vacuum 38,100 38.7 12,1680 13.0 no growth -

Physiological solution  vacuum L,100 4.5 3,200 3.7 no growth =

From the data cited we can see that a culture dried with serum
- 3 years  under vacuum contained 30.4% viable cells. ix‘
cul ture dried with gelatin and physiological solutvion produced no
growth when tested after 3 vears storage under the same conditions.
For this reaséxl we used as @ basis in further research a drying

method employing the addition of normal horse serum as a protective

the dats on the
the cultural and blologicsl properties of microorganisms subjected
to desiccation we believe it necessary to treat briefly the general
principles of the desiccation of microbial cultures which are em=
ployed in our experiments and in the work of the State Institute of

Control over Veterinary Preparations.

Methods for Drying Microbial Cultures

We studied the effect on microbial cultures of the desiccation
cycle, the protective protein media, residual moisture, and, for
further preservation, vacumm. This gave us the oppo‘rtmikty to take

o consideration the negative and positive aspects of the drying
method in dgvelcping a new approach which would contribute to better
preservation of microorganisms which we used in further work on dry-
ing many other microbial cultures.
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Microbial cultures are cultivated for drying by the usual
methods. In order to prepare a suspension of the microorganisms
groun on solid culture media we made a physiological saline sclu-
tion wash in & ratio of one ml of solution to one sq cm of surface
of the culture. The cultures of microorganisms cultivated in a
liquid culture medium were used in the form of a precipitate or a

suspension.

Before drying we took cultures tested macro and micrescopically

for purity and uwniformity of growth and added inactivated nomal
horse serum as a protective medium in a ratio of one part cul ture to .

one part serum or one part culture and.2 parts serum.

These proportions, as our studies showed, give full assurance
of prolonged preservation of the biological properties of microe

organisms dried in serum. Microbisl suspensions under sterile

conditions are poured into ampules at the rate of 0.3=0.5 ml per

temperature of =20° for 10-15 minutes. After freezing, the cone-
nectors with the cultures sre attached to the manifold apparatus
and the drying process begins. After 3-4 hours the first drying
phase is usually considered as finished. The dishes with the

cooling mixture are removed and the drying process continues at

room temperature for 8«10 hours until total desiccation is achieved.

After 12-14 hours of drying microblal cultures usually con-
tain a minimsl smount of residusl moisture (from 0.4-0.7% to 1.0«
1.5%4). The physiccchemical properties of the cultures 1ikewise

have not undergone substential changes {(morc of this later).

Over U yesrs we repeatedly examined the vegetative, cultural,

biochemical, agglutinative, and virulent properties of the dry
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culture ebtained with studies taking plece at 3, 6, 9, 12, 18, 2i,
B 30, 36, and 48 months after preparation. During the first 12

. months of preservation the dry cultures were examined every 3
months. This was brought about by the necessity of checking the
diverse data on the possibility of stoxing cultures in the dry
. state which had been found in the literature and, in addition, in
o order to get a more precise idea of the storage limits of the dry
microbial cultures prepared. Our studies showed as early as the
first year of storage that the dried strains could retain for a
long time their original biological properties. For this reason

the dry cultures were tested much less of ten afterwards.

In view of the fact that during k4 years the results of all
experiments on the cultural, morphological, biochemical, agglutinative,
and virulent properties of dry microbial cultures invariably showed

]

the same indexes we will be satisfied with essentially a brief expe

sition of the data obtained during the final experiments of 1948.

The resul ts of testing the vegetative and virulent properties of

certain dry cultures after 5-4 years of

storage will be given in

addition when the appropriate microorganism species is discussed.

Dry Cultures of the Calf Para typhoid Fever Pathogen

For study we selected 5 production strains of the pathogen of
calf paratyphoid fever, namely Nos 5, 7/1, 8/1, 10, and 315/9. Be=
fore desiccation the strains were tested for morphological ; culbural,
biochemical, agglutinative, and virulent properties. There was
growth 24 hours after the cultures were transferred to meatepeptone=-
agar and meatepeptone-broth: on the agar in the form of round
tz;ansparent S-shaped colonies and in broth in the form of intense
turbidity of the culture with the formation of a locse bacterial

precipitate on the bottom of the test tube.

-1l2 -
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Mi croorganisms of a 24~hour broth culture possessed pro-
nounced mobility, had the appearance of short rods with rounded
ends anbd did not take a stain by Grem's method. In media con=
taining sugars the microorganisms split glucose, dulcite,
rhamnose, maltose, and mannite with the formation of acid and gas.
They did not decompese lactose, sucrose; or raffinose, nor did
they coagulate milk. When tested with a specific agglutinative

serum the cultures had pronounced agglutinative properties.

The virulent properties of strains of the pathogen of cal¥ "
paratyphoid fever were tested on white mice. The mice were incculated
. subcutaneously with the wash from e our azar culture doses
of one and 10 million bacterial bodies‘accor'ding to the optical

bacterial standard.

All 5 strains czused the death of all white mice inoculated

subcutaneously in doses of one and 10 million bacterial bodies

s 4, 6
5 s

In all cases we found the original culture when the mice

were dissected and the cultures incubated.

From the results of the biological tests it is evident that
the cultures of the calf paratyphoid fever pathogen had virulent
properties where white mice were concerned in doses as provided for
by current regulations on the preparation and control of serum and

vacceine for calf paratyphoid fever.

In order to have fresh cultures for desiccation, cultures
of the calf paratyphold pathogen tested for virulence were transe
ferred to test tubes containing Bxeab-peptone-agar and mea t-pep one-

broth. After macroscopic and microscopic examination for purity
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and uniformity of growth the 24-hour culture was washed with a
physiologicsl suline solution. In order to preduce a microbe
suspension we added a protein colloid (normal horse serum) for
a protective medium in the ratio of one part culture and 2 parts
serum. After this the cul tures were dried in a frozen state in

& vacuum apparatus.

A test of the varlous properties of dried strains of the

calf paratyphoid pathogen gave the following resul ts.

Vegetative properties. Before transfer to cul ture media
the ampu.leé with dry cultures were tested for vacuum with e Te
apparatus. In order to test vegetative properties the cultures,
dissolved in a physiological ssline solution, were trensferred to

test tubes with meat~peptone-agar and meat-peptone-broth. After

26 hours o the sgar there were Usually mumerous S-shaped trans-
parent colonies. In the meatepeptorie=broth the culture rew
intensely with the characteristic cloudiness of the medium and the
formation of a loose bacterizl sediment onr the bottom of the test
tube. As a result of the examinations it was determined that dry
cul tures possees well developed vegetative properties after 48

months' storage in a vacuum.

A microscopic examination of smesrs made with dry cul tures
following solution and smears made from 2i-hour growths of these
same cultures showed that the microorganisms of calf paratyphoid
fever readily take a fuchsin stain but do not take a Gram stein.

A study of 2i-hour broth growths in a hanging or diluted drop
showed that a large number of the bacterial cells possess proncunced

mobility. Morphologically the bacteria of dry cultures of calf

paratyphoid fever were short rods with rounded ends (Figures 24 and 25).
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From the data cited from our experiments it is evident that
after U years of storage the dry strains of the calf paratyphold
pathogen possessed typical vegetative, cultural, and morphological

properties.

Biochemical and agglutinative properties. We thought it
necessary to study in greater detail the biochemical and agglutina-
tive properties of the dry cultures because these signs are the

most typical of this microbe.

In order to test biochemical proper*tiés a 2uehour agar

' growth derived from dry & was trensferred to a medium cone
taining sugars. The results of the transfer can usually be seen
within 24 hours. However, in the case of some sugars, rhamnose,
for example, the cul tures were calculated after 2-3 days since

]
I

some strains of the calf paratyphoild pathogen split this carbohye

drate in a

RIOCH 54T Gl
Length of
Strain storage glu- Name of Sugars
No (:months) cosé tose rose duleite rhamnose maltose raffinose munnite milk
5 L8 h-0 A-G A=G A-G A-G
7/1 u8 A-G A~G h-G A=G
8/1 48 AG A-G A-G A=G
10 u8 A-G A-G =G
315/9 L8 A-G - - A-G A=G A~G

#*Formation of acid and gas
The data in Table 5 show that dry cultures of the pathogen

of calf paratyphoid fever possessed typical biochemical properties

after 4 years of storage.

The agglutinating quality of the dry cultures of calf para=-
typhoid pathogen were tested simultaneously with cultures kept on

culture media by the usual method. To test tubes contalning serum

- 115 -
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of varying dilution we added the washings from a
culture obtained from dry strains intil we had a-
500 million bacterial bodies in one ml according to the optical

bacterial standard.

The agglutination reaction was tested in one ml of liquid.
Test tubes with this amount of liquid were placed in a themmostat
for 6=8 hours after sheking. Then they were left at room tempers-
ture for 16-18 hours and afterwards the agplutinetion reaction was

~computed.

The results of testing the agglutinating quality of the dry

cul tures are shown in Table 6.

From the data cited in the table on a comparative test of
the agglutinative properties of the pathogen of calf paratyphoid
fever it is
someéwhat more pronounced agplutinative properiles than cultures
kept on meaiepeptone~agar in the usual fashion. For instance; dry
cul tures 7/1, 5, and 8/1 showed a more pronounced resction and in

greater dilutions.

Virulent properties. The dry cul tures were tested for viru-
lence by inoculating white mice. In order to detemine the virulence
of the dry cultures of the calf paratyphoid pathogen white mice were
inoculated with a 2i4-hour agar culture obtained from the dry strains.
The mice were inoculated subcutaneously in doses of one and 10
million bacterial bodies according to the optical bacterial standard.
The data from the test for virulent properties are presented in

Table 7.
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AGGLOTINATIVE F 5 NRY LHD AL TULTURES OF 1H9 p R/TYPHOID 7
O PRESERVATION
Tilution of A rtinating Serum
Culture Preservation Method 1:100  1:1,000 1:2,000  1:4,000 1:6,000  1:8,000 physiolezical solution
in a dry state EAa. b At b Fhb
transfer to agar (control) . Fa— . s
in a dry state e b Fdd ER
transfers to agar (control) P b
in a dry state P
transfers to agar (control) b
in a dry state e
transfers to agar (control) .
in a dry state P

transfers to agar (control) [
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TAHLE 7
VIRULENT PROPERTI ES OF DKY GULTURES OF THi PARATYFHOID FaTHO GEN

Length of pree No of

ngen

Straiﬁ_ No servation (months) white mice Dose Died as Result of Inoculation

5 48 1 million

2 2
2 10 million 2

L3 2 1 million 2
2 10 million 2

18 L 1 millien
i . e 10 million

Lg -~ e k B . Lmillion .
Rnenes : e ~10 million

LB T e e on
DRI (. 10 million 2

As we see from the table strains of dry cultures caused
death in all inoculated mice within 3«8 days. The pathogen of
calf paratyphoid fever was recovered from the dead mice during

~bactericlogical-examination im 511 ca568. The test showed that
cultures of this pathogen after 4 years of storage in a dry form
rties as before desiccation.
The data presented in Table 7 with relation to virulent properties
are confirmed by snalogous experiments made during the entire
preservation period. For instance, when tested at various times
during storage (3, 6, 12, 2u, 30, 36, and 4B months) the cultures
of calf paratyphoid fever in a dry state invariably showed very
pronounced virulence, causing death in white mice in the time

established by regulations.

The results of these experiments are presented in Table 8.
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TABLE 8
COMPOSLTE DATA QN & TEST OF Thi VIRULINT PROPERTIES OF DRY CULTURES
OF THE CALF PARATYPHOID PATHOGEN AFTiR 4 YEARS OF PRESERVATION

No of No of :
Strain Neo experiments  white mice Dose Died as Result of Inoculation

S 7 l 1 wmillion 14 after 3.5-6 days
: 10 million 14 after 2.5-5 days

hETE—— L1 million-...o. 14 after L.5=8.,5 days
14 5 10 million .- 1lu after 3.0-6.5 days

S a0 1million 14 after 5.5-6.5 days
St 10 million: o1l after 3.5-6.5 days

W 1million . 1l after 5 5 days.
1i Zebo 10 million 2 1h > days
1k 1 million - iboa ys
i - 10 million 14 days
An additional test of the dry culbures of the calf para=-

typhoid pathogen made at the end of 1950, that is, 5

years aiter desiccation,

good vegetative properties and caused death in white mice when

given in the estabiished doses. The fifth sirain possessed good

vegetative properties but was avirulent.

Dry Cultures of the Pig Paratyphoid Fever Pathogen

For purposes of study we used S productive strains of the
pathogen of paratyphoid fever in pigs, Nos 3p, Spy Tps 9, and 10.
Before desiccation the strains were tested for cultural, bio-

chemical, agglutinative, and virulent properties.

Twenty-four hours after transplantation to meat-peptone-agar
and meat-peptone-broth culture growth cnuld be seen, on agar in
the form of transparent S-shaped colonies and on broth in the form

of intensive cloudiness of the medium.
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The microorganisms of a 2l<hour broth culture possessed
pronounced mobility. In smears stained with fuchsin the microbes
showed up as short rodé with rounded ends; The pathogen of pig
paratyphoid did not take a Gram stain. The cultures split
glucose, rhamnose, maltose, and mannite with the formation of
acid and gas. They did not decompose luctose, sucrose, dulcite,
or raffinose, did not coagulate milk, but possessed good agglue=

tinative properties.. . ..

Before desiccation the virulence of the pig para typhoidrj i

-strains was rtested 'on white mice.. The ﬁ;ice vere inoculated sub; :
cqtaneously with a wa sh/‘from a. 24-hour agar culture in doses of
one and 10 million bacterial bodies according to the optical

bacterisl standard. - A11° 5 strains caused the death of all white

mice in the doses employed between 3, 5, 6, and 8 days.

The cultures of the paratyphoid pathogen which underwent
desiccation were grown in a thermostat on mea t=peptone=-agar and,
foz; control, on meat-peptone=broth. After macro and microscopic
testing for purity and wniformity of growth the apar growths were
washed with a physiological saline solution. To the suspension
of bacteria obtained we added normel horse serum as a protective
medium in the preportions of one part bacterizl suspension and 2
parts serum. After this the cultures were placed in ampules and

freeze~dried in a vacuum apparatus.

Further exsmination of the dried strains of the pig para=-

typhoid cul ture produced the following results.

Vegetative properties. After testing the ampules with the
culture for vacuum and dissolving the contents in a physiological

saline solution the cultures were examined for vegetative properties
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by transferring to culture media. Iwentyefour hours after transfer
to agar and broth the cultures were growing: on msat-peptone-agar -
in the form of numerous round transparent S-shaped colonles and on
meat-peptone-broth with the characteristic cloudiness of the medium.
As a result of these experiments we established that the dry cultures

possessed pronounced vegetative properties when tested after 48

months of storage under vacuum.

Microscopy of smears prepared from dry cultures after solu=

““tion in.a physiological solution and those cbiained from-2iehour
o growths on a‘gar and broth estabiished that the microorgzanisms which

“cause pig paratyphoid fever take a good fuchsin staim Lut do not

take ‘@ Oram stain. An examination of 2u4=hour broth growths in
hanging drops or diluted drops revealed a large number of microbial
celles possessing prencunced mobility. Morphologically the bacteria

of paratyphoid fever of pigs were short rods with rounded ends.

Thus we see that after U years of storage the dry cultures
of the pig paratyphoid pathogen possessed typical vegetatlve,

cultural, and morphological properties.

Biochemical and agglutinative properties. Of special interest
is a study of the biochemical and agglutinative properties of dry
cultures of pig paratyphoid fever since these signs are most typical
and constent in identifying this species of microbe. The bio=
chemical properiies of dry cul tures were tested by transferring 24-
hour agar growths obtained frem dry strains to culture media cone

taining sugars.
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TABLE 9
BICCH MICAL PRO

Hame o e Sugar
Strain No Length of storage (months) glucose lactose sucrose dnlcite rhammose maltose raff{inose mami te milk

3p Le AGH N AG
1 48 AG - | ‘ CAG AG
7p 18 AC "  o y AG
9 L8 ; : : TN AG
10 48 y : o AG

#Acid and gas produced

AGOLUTINATITVE PROFFRTIES OF MRY MM AGAR CULTT 0T TRR PG T HOLY PATHOGEN AT L S ¢ : TTON

Dilvtion of Agzlutinztive Serum
train No Method of Preservation 1:100 1:1,00C 1:L,000 1:6,000 1:8,000 1:12,000

3p in a dry form R A : RIS -
3p by transfers to agar (control) - il ; -

5 in a dry form
S by transfers to apar (control)

TP in a dry form
ip by transfers on apgar (control)

9 in a‘dry form
9 by transfers on agar (control)

10 in a dry form
10 by transfers on apgar (control)

#PS: physiological solution

| | |
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The data shown in Table 9 indicate that all the strains of

dry cultures of the pig paratyphoid pzthogen which we examined

possess biochemical properties typical of this pathogen.

Vie tested the dry cultures for agglutinative properties by
using the well known active specific agglutinative serum. For a
control we tested cul tures preserved by the usual method on nutrie

tive media.

To a test tube containing different dilutions of agglutinae
tive serum we added a wash from a Zu=hour agar cul ture, obtained
frm dry strains, until we had a concen’cration of 500 million "
bacterial bodies in one ml a¢cording to the optical bacterial ™
standard. The agglutinatioﬁ test was made inba cne ml volume. The
test tubes with this amount of liquid were shaken and placed for
68 hours in @ thermostat and then kept at room temperstures for
€ 1618 hours until the reaction was read. The results of this exe

; periment are presented in Table 10.

The results of a comparative study established that dry
cultures of the pig paratyphoid pathogen retained pronounced age
glutinative properties during 4 years of preservation. From Table
e 10 we see that strain No 3p of the pig paratyphoid pathogen come=

pletely lost its agglutinative properties during the storage period.
The loss of agglutinability by strains kept under ordinary conditions
on nutritive agar is not an exception since the loss of some bio-
logical properties by cultures is inevitable when they are preserved
by transfer from medium to medium. The loss of agglutinative
properties by strain No 3p when kept on a solid nutritive medium

and the retention of these properties by the dry strains confiyms

the tenet that the desilecation of bacterial cultures permits the

; v ‘ preservation of hiological properties for a very long time.

-123 -
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Virulent properties. In order to test the virulent
properties of dry cultures of the pig parutyphoid pathogen we
used a 2i~hour growth on agar to inoculate white mice. The

cul ture was injected subcuteneously in doses of one and 10 millien

bacterial bodies. The results of testing the virulent properties

of dry cultures are cited in Table 1l.

VIRULEK T PROPERTI LS OF “DREY CULTURES OF THE FI  PARATYPHOLD PATHOCEN
Strain Length of ' ;

No storage No of E et
= —] ) (monﬂzs) white mice i " Dose ¢ Dead as a Result of Incoulation
3p L8 2 1 million 2 after 5.5-7.5 days
2 10 million © o 2 after 4.5-5.5 days
_ 5 L8 2 1 millien 2 after 4.5=5.5 days
2 10 million 2 after 4.5-6.5 days
a o 48 2 1 million 2 after 2.5-5.5 days
2 10 million 2 after 5.5-6.5 days .
- 9 48 2 1 million 2 after 6.5=7.5 days
o 2 10 million 2 after 2.5=345 days
i 10 u8 2 1million 2 after u.5=5.5 days
2 10 million 2 after 4.56.5 days

Cultures of the pig paratyphoid pathogen caused the desth of
all inocuiated mice within 2.57.5 days, with the original cul ture
recovered by bacteriovlogical examination in all casess Thus the

experiments showed that the dry cultures retained a high virulence

for i years.

It should be pointed out that dry cultures of the pig parae-
typhoid pathogen were tested for virulence over a period of i years

at 3, 6, 12, 2, 30, 36, and 48 montns.

The results of the experiments are provided in composite
Table 12.
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TABLE 12
COMPOSI T DATA ON TFSTING THE VIKULEN T PROPERTIES OF DRY CUL TURES
OF THE PIC PARATYFHOID PATHOCHEN TUKING L4 YEARS QF PHESERVATION

Number of No of white
Strain No experiments mice Dose Pied as the lesult of Inoculation

1 1 million 1k after 5.5-7.5 days
1 10 million 14 after L.5=6 days

1) 1 million 14 after L4.5-5.5 days
1L 10 million 14 after 4.5=7 days

14 . 1 million - oo 1h after 2.5«7 days
) 10 million ‘ 14 after 5.5«8 days

million 14 after 6.5«8.5
million = " " 1L after 2.5=5.5

B R R L T o B P

=

millioy L = » it _BuB_ G
millior L,6=C.5
PR

fild Ll

-~3

(¥4

Repeated testing of dry cultures by inoculation of white
mice invariably showed the high virulence of the strains studied.

The mice died in all cases during the same periods of time.

This fact in turn confimms the pronounced constancy of the
virulent properties of dry cultures of the pig paratypheid

pathogen when kept for 4 years.

Dry Cultures of the Hemorrhagic Septicemia Pathogen

In order to make the study we chose 8 productive strains
including 2 strains-®f hemorrhagic septicemia of hens, 2 strains
of hemorrhagic septicemia of sheep, 2 strains of hemorrhagic
septicemia of swine, and 2 strains ol hemorrhagic septicemia of
catile. Before desiccation the strains were tested for cultural,
morphological, biochemical, and virulent properties with all the
Pasteurella strains corresponding to established requirements.
For instance, on meat~peptone-broth the cultures grew in the form
of a uniform murkiness with subsequent formation of a slimy pree-

cipitate on the bottom of the test tube which rose in the form of

-125 -
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braids vhen the tnbes were shaken. After 24 hours on meat-peptone=-
agar the cultures grew in the form of small, round, dew=drop
colonies which later fused together forming a thin grey-white
deposit. Under the microscope in the stained smears of the culture
the field of vision showed polymorphic bacteria in monodiplococcal

and monodiplobacillary forms.

In biochemical properties the cultures-of. Pasteurella .cor=

responded to established requirements, that is, ‘:the’y épli'b'glucosef

and sucrose with the formation of &cid.: Théydid not: decompose

doleite and did not:coagulate milk. = :

The virulence of Pasteurella was tested on white mice through -
subcutaneous incculation with a 2uehour vroth culture in a 0.2 ml

dose of 131,000 dilutiom.

As a result of the study we established that the

used for the experiment possesged virulence, that is, they caused
the death of white mice in a positive period of time. Yor
instance, strains Nos 115 and 452 of hemorrhagic septicemia of hens
caused the death of all mice within 18, 20, 22, and 24 hours after
inoculation. Strains Nos 24 and 4,519 of hemorrhagic septicemia of
sheep caused death within 2u, 38, L8, and 60 hours. Strains Nos
25 and 252 of hemorrhaglc septicemia of swine caused death within
36, 40, LB, and 60 hours and strains Nos 518 end 858 of hemorrhagic
septicemia of cattle caused the death of all mice after 4O, uly, 4B,

and 80 hours. In all cases the culture used for inoculation was

recovered from the dead mice.

For desiccation the cultures of Pasteurella were grown on
mea t=peptone-broth for 24 hours and, for purposes of control, on

mea t-peptone-agar. After macroscopic and microscopic testing for

- 126 =

Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81-01043R000400010006-6



purity and typicalness of growth, normal serum was added to the
broth as a protective medium in the propdritions which we always
usede The cultures thus prepared were freeze-dried in a vacuum

apparatus after packing in ampules. By c«umining the dry

Pasteurella cultures 4 years after desiccation we obtained the

Vegetative properties., A4fter testing the smpules with
cultures for vacuum and dissolving the contents in a physiclogical
saline solution the cul tures were examined for vegetative

properties by seeding meat-peptone~agar and meat-peptone=broth.

After 24 hours both the meat-peptone-agar and meat-peptone-broth,

as a rule, showed pronounced growth. In the meat-peptone-broth
the cultures grew in the form of unifomm mild cloudiness with the
fomation of a slimy sediment on the bottom of the test tube. On
the

dew=drop colonies in an S-shape. In cases of overall growth of

the culture on agar there was a delicate grevishewhite bloom.

A microscopic examination of smears made Zrom dry cultures
following solution and smears of 2u4~hour growths established that
the microorganisms take a good Giemsa and Muromtsev stain but do
nof stain by Gram's method. The microbes were monodiplococcal
and monodiplobacillary shapes. There was no mobility of the mi-

crobes in a hanging drop preparation.

From the data cited we see that cultures of Pasteurella kept
in a dry state for 4 years possessed typical vegetative, cultural,

and morphological characteristies.

Biochemical properties. Although biochemical properties

are not a very constant indication of typicalness in Pasteurella,
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we still felt it practlcal to test cultures which had been kept
in a dry state. With this purpose we made 2u-hour broth cultures
of Pasteurella obtained from dry sirzins in media with susars,

made with meat-peptone water or Hottinger!s broth.

As a result of these sxperiments we determined that in
biochemical propertles the strains of Pasteurella which have been
kept in a dry state for 4 years are typical. On the second and
third days the cultures split glucose and sucrose with the fomae
tion of acid. They ¢id not decompose lactose, maltose, or

duleite and dld not coagulate milk.

It must be men{ioned that when Pasteurella is trunsferred
to media containing sugsr which have been made with peptone water
there is a retarded capacity for splitting glucose and sucrose
which was not observed where Hottinger's broth was used for the
culture medium. is feature must apparently be explained by the
intensive growth of Pasteurella in sugars prepared on Hottinger's

actor of accelerated acid fonra-
tion was apprently related to the intensive propagation of the

microbes.

Virulent properties. The virulence of Pasteurella cultures
was tested by inoculation of white mice. For inoculation we used
a 2u-hour broth culture obtained from growths of dry strains. The
mice were inoculated subcutaneously with a 0.2-ml dose of a 1:1,000

dilution. The results of these experiments are presented in Table 13.

From the table we see thet Pasteurella strains which had been

kept dry under vacuum for 4 years caused the death of all white mice

in almost the same time as L years before, preceding desiccation.
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TERELY 13
VIRULENT PROP'RTL-S OF DRY Prg RV LLY CTULTURYS {
Died as ja Result of
Name of Culture Strain Wo Time of Storage (months) Mo o mice Dose of 1:1,000 dilution Inoculation

Pasteurella avium 115 48 mL . after 18-22 hours
L52 L8 mL after 16-2l hours

Pasteurclla ovis 2 18 0.2 1l after 20-28 hours
L,519 L8 < ml after 36=60 hours

Pasteurella suis 25 1n8 mL after 36=36 hours
252 L8 ml after 36~48 hours

Pasteurella bovis 518 L8 ! il after 36~-60 hours
858 L8 after 36-L48 hours

COMPOSITE DATA ON RESULTS OF TUSTING THY VIRY

Name of Culture Strain Wo No of Experiments No o White Mice Dose of culture (1:1,000) Died as a Result of Inoculation

Pasteurella avium 115 7 21 : ml 19 artep!lB=2L hours
7

L52 21 ml 21 after 16=26 hours

Pasteurella ovis 2L 21 ml 21 after 20-30 hours
L,519 21 Ce2 ml 21 after 30-60 hours

Pasteurella suis 25 21 L 0l2ml 1 after 36~48 hours
252 21 Ce2iml after 30-48 hours

Pasteurella tovis 518 21 0.2 mL 21 after 30-68 hours
858 2L 0.2 nil after 28-60 hours

| i
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During the 4 years of storage in a dry state under vacuum
the virulent propertiss of the strains were tesied 7 times (af ter
35 6, 12, 2L, 30, 26, and 48 months) and, as a rule, in all cases

virulence was most pronounced,
The results of experiments are given in composite Table 1lh.

From the data in the table we can see that dry Pasteurella
cultures showed high virulence when tested during the course of 4
years of astorage.” The cultures caused the death of thé mice in
minimal periods of time: from 16 to 2l hours for inoculation with
hemorrhigic-septicemia of hens and from 36 to 60 hours for inoculae

tion with the other species of Pasteurclla.

Available observations with regard to the inconstancy of the
retention of virulence and other properties when microorganisms are
kept by transfers to culture media served as a basis of comparison
of virwlent properties of dry microbial cul tures with cul tures kept
by the usual method on culture media. According to our cbservations,
after being kept for 3 years by numerous trensfers on mea ‘a-péptane-
agar, pig paratyphoid strain No 3p completely lost its agglutinative
properties. Strain No L52 of 2 culture of hemorrhagic septicemia in
hens showed greatly diminished virulence after preservation for 3

years by monthly transfers on meat~peptone=broth.

These facts regarding changes in the agglutinative and viru-

lent properties of microorganisms when kept by the usual methoed are

been constantly observed. However they have not been studied for
the reason thét it was difficult to make a comparative test of the
biological properties of the same strains since there was no reliable

method for preserving microbial cultures over a long period of time.
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This hypothesis, as we shall see Later, was confirmed by

the very first e*cperiments in making, 4 compara tive study of the
virulent properties of Pasteurella cul tures kept in a dry form

and b, trensfers in meatepeptone-broth.

The causes for the decline in virulent properties in
microbial cultures preserved by the usual method must be sought
in the fact that culture media used for the transfers cannot be
identical in physiochemical and ofahe’r properties. In view of
this fact, there is frequently sparse or atypicsl growth of
cul tures which inevitably causes changes in.the biologiesl properties
including a diminution in vimulence. In addition, there are indi-
cations in the literature that fre equ nt fransfers of micro‘cziai
cultures on culture media lead in general to o change in their
cul tural and biological properties (Rechmen skiy, Klimentova,

Fedorov).

Ve know from practice that even passages in animal orgsnisms

do noi promote the preservation of virulent properties in certain

microbial cultures kept by the ususl method on nutritive media.
This is confirmed by the fact that in crder to preserve viru
properties productive cultures of microorganisms are passed yearly
through animals and some of them, as the Pasteurella strains, 2«3
times a year but despite this their virulence very often declines

markedly.

In order to make a comparative study of virulent properties

we made several experiments with Pasteurells strains. Here we are

indicating one of these experiments. For the experiment ve used 3 -«

strains kept in a dry state and 3 preserved by transfers in cul ture

broth.
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The white mice were inoculated with a 2i-hour broth culture

in minimal and maximal doses,
The results of this experiment are produced in Table 15.

We see from the table that cultures of septicemia of hens,
strains No 452 and 4,519, kept in a dry state for 38 months caused
thie death of white mice in a dilution of 1:100,000, 1:1,000,000, and
1:500,000 (ior stxfai»r‘u},‘Sl?)‘ in 16=36 hours while cultures of these

same strains preserved in.mest-peptone-broth by periodie transfers

caused the death of white mice only. in dilutions of 1:100, 1:1,000

and 1:19,000. ~Flt’;slmos£ anéio?us results wekre 6131':ai_nea' when . the
white mice were inoculated faiih a.culture of septicemia of sheep
(strain lio 24) where the kdry‘culture‘ caused the death of white mice
in a 1:100,000 dilution while 2

of tire in meat=peptons<broth

tion of 1:1,000.

In addition vwe must point out that cultures of septicemia
of hens { 2} and sep
which had been kept in culture broth were passed through the beo
of an appropriate animal species every year in order to increase
virulence. Yet despite the passages their virulence dropped after

6 or 7 transfers.

In order to compare the virulent properties of dry microbial
cultures of Pasteurells an 1t T 1 med t~peptone=broth we
are citing examples from work done at our institute and at the

Stavropol! Biological Preparations Plant.

For the work of the laboratory on biological preparations
for pasteurellosis and erysipelas and for distribution to bioclogical

preparations factories we prepared a number of productive strains

- 132 =
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of Pasteurella at the beginning of 1S47. A4t the labora tory
ind on
nutritive media. After 9 months the laboratory director, N, M.
Nikiforova, a candidate in veterinary medicine, used in #itere
ing & lethal dbse a culture of hemorrhagic septicemia of cattle
(strain No 796), kept in meat=peptone=broth, in order to make a
control check of immunity in cattle previously vaccinated by
her, This culture was but slightly virulent and did not cause

the death of the animal. .Then she used a dry culture of

septicemia of cattle (strain No 796) for inoculating cattle for

the ssme purpose. She found that the dry strain possessed

great virulence. The same situation was found &t the Stavropol !
where cultures of a number of

strains of septicemia of hens kept in meatepeptone=brotn showed

decreased virulence in comparison with dry cultures.

The data in Table 15 thoroughly confimm our opinion that
the best method for preserving Pasteurslla cultures is desiccation.
This method permits the preservation of cultural, biochemical and
virulent properties for a very long time without having recourse

to transfers and passages through the body of larger animals,

A subsequent test of the thres strains of hemorrhagic septicemia
of cattle (strains No L1, 518, and 858), one strain of hemorrhagic
septicemia in hens (No 1,86L4), one strain of hemorrhagic septicemia
in sheep (N¢ 24) and one strain of hemorrhagic septicemia in swine
(No 252) showed that these cultures possessed good vegetative preperties,
typical growth on nutritive media, and high virulence for white mice

when examined 5 and 5.5 years after desiccation,
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VIRULENT PROPFRTIFS O Pis

Strain Storage Mo of D howr i
Name of Culture No (in months) Proservation method itite Wi in mjl h Culture assa Result of Inoculation

Pasteurella avium L52 38 Dry under vacuum ©:100

[SENENENN N

16-36 howrs

24y=26 howrs
36-36 how-s
2l4-36 howrs

Pasteurella Trans{ers on meat-peptone=~
broth

LSRR NN

36=36 hours
36=36 howrs
36=36 howrs
36=48 hours
36~36 hours

in 36eL8 hours
36=60 hours

Pasteurella avium L,519 Dry under vacuum

&

.

2 Ce2 2
2 0.2 2
2 C.2 2
2 C.2 2
2 0.2 2

.

Pasteurella k Transfers on meate
peptone~broth

NN

NN NN
O0.000
ESICESEN RG]

-

in 16-2) hours
2= 36 hours
2l hours

2i=36 hours

Pasteurella : Try wnder vacuum

.

Pasteurella ovi Transiers on meate-peptone=
broth

1
=

36~36 hourls
LB~72 hourjs
36 hours

PRy

,000
0,000
00,000

MO DN

e e
=3

.

MNP NN
[eNeoNoNeliNeNe Yo ¥ol
MR PDNRN
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| |
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ade,
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Eor_one studs us seléeted-§
pathogen of brucellosis in cattle, 2 of the pathogen of brucel-

losis in swine, and one of the pathogen ol brucellesie in sheep.

Before desiccation the strains were tested for cultural,
morphological, agglutinative, and virulent properties. On a
meat=live sugar-glycerin agar culture the Brucella grew in the
form of small couvex greyish colqnies. In -broth, &s a rule,

there was & soft diffuse growth by the second or third day.

in smears mede [rom culbures and siained by Xoszlovekiy's
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methon the Brucells had
ground a pinkish color. The Brucells microbes had a character=

sometimes in the form of oval cocci,

istic polymorphic quality

sometimes in the form of short rods with rounded ends.

The test for agglutinability showed that the Brucella
strains selected for our experiment possessed pronounced aggiue
tinative properties. For exumple, when Wright's reaction was
= - made with active specific agglutinative serum the strains agglu-

i tinated with a ++ and +++ index in dilutions of 1:50 to 1:1,600.

In order to study the virulent properties of Brucella
guinea pigs were inoculated with a 3eday agsr culture in a l-
billion bacteria cose based on the optical bacterial standard.
As a rule 7 or 8 days after inoculation the guinea pigg showad
marked beginnings of illness with a drop in weight of from 204 to
30%. Some 15-17 days after inoculation the guinea pigs were killed
and examined bacteriologlcally and pathoanatomically. A Brucella
culture was recovered from almost all the guinea pigs, from the
spleen and somewhat less often from the cardiac blood. The ag=
glutination reaction with blood serum from the killed gzulnea pigs

showed a pronounced sgglutination titer (++ and +++) in dilutions

of 1:25, 1150, 1:100, and 1:200.
- 135 -
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For drying, the Brucella cultures were grown for 3 days on

meat-liver sugare-giycerine agar. After macroscopic and microe

scopic tests for purity and typical growth, normal serum was added
as a protective medium to a wash of the agar growth in the propore
tions of 1 part culture and 2 parts serum. After this the cul tures

were freeze-dried in a vacuum apparatus.

Further studies of the dried Brucella cul tures produced the

following results.

Vegetative propertiesk. The contents ’of ampules tested for
vacuum were dissolved in a physlological saline solution and transe
ferred to-a meateliver sugar-glycerine aga? culturds Aiter 2 days,
as a rule, the Brucella cultures had grown on the agar in the form
of small transparent convex greyish S-shaped colonies. In mesate
peptone=broth; growth in the form of a difiuse cloudiness of the

broth ordinarily started on the second or third day.

Thus cultures of Brucella kept dry under vacuum for 4 years
possessed most pronounced Vegetative properties. t must be pointed
out that following numerous trensfers to nutritive media which we
made for 4 years there was not a single case of attenuation in
culture growth. This presents evidence of the fact that strains of

dry cul tures of Brucella possessed pronounced capacity for reproduction.

In smears made from broth and apgar growths and stained by
Kozlovskiy's method the microorgsnisms had a bright red color
while the background was pinkish. The microbes had a characteristic
polymorphic quality, sometimes in the fomm of oval cocci, sometimes

in the form of short rods with rounded ends.

Agglutinative properiies. We tested agglutinability in

strains of dry Bruecella cultures. by Wright's reaction for whioch we

- 136 -
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used the well known active specific agglutinating serum. A wash

from a "*-'*w!-y agar Brucelia cu.lture was added to test tube serum

of various dilutiona up to a concentration of 500 million bacterial
budies in one ml according to the optical bacterisl standard.

) After shaking, the test tubes were placed in & thermostat for 18
hours and then kept at room temperature for 20 hours. As a rule,
aftér 24 hours a large number of the test tubes showed a pronounced

S agglut mam on reaction, However in order to obtain more accurate
- resul t5-we made another reading of the resction after 36e40 hours.

.The results of . testing &pgplutineting properties of Brucella cul tures

“lare shown.in. Tabhle 14

OWI-AN L8048 &0e

From the table we can see that dry Brucella cultures kept
for 4 years possessed pronounced agglutinative properties when

they were tested with specific agglutinatin

Virulent properties. In order to test the virulent properties
of dry cultures of Brucella we inoculsted guinea pigs with a 3eday
agar culture obtained from strains which had been preserved in a
dry swate. The cultures were injected subcutaneously in a dose of
1 billion bacterial bodies according to the optical bacterial

standard, The results of these experiments are presented in Table 17.

A Brucella culture was recovered from the spleen and less often

from the cardiac blood of almost all the guinea pigs. In the
dead and killed guinea pigs there was marked enlargement of the
lymphatic glands and in individual cases there was pronounced

necrosis at the inoculation site.
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Name of Culture
Br. bovis
Br. bovis
Br. suis
Br. suis

melitensis

Strain
Name of Culture Wo

1,L25
L5004

suis 1

Er. bovis
Br. bovis
Br.

suis 39

melitensis

LOCLITINATIVE

Length of

Strain
o

1,425
L 400k
1

39

Length of
storage
(months)
L8
L8
Lé
18
L8

storage
(months )

1:50
18 vt vere
18 b e
L8 PR
18
48

VIRULENT PROPRTIER
No of inocu=
lated guinea

pigs Died
2

2

AN

[ L ]
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lutinating Serum
1:3,200 Physiolcgical solution
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Results of a Bacteriological Examination

Brucella culture recovered from

T0-80% of auinea pi_?}s




The results of the agglutination reaction showed that blood

sermm from inoculated guinea pigs possessed 2 pronounced agglutine

ation titer. Analogous examinations for virulence in dry Brucella
: cultures were made repeatedly during the seyear period (after 3,
‘ 12,15, 21, 24, 35, and LB months). Data from these experiments
‘ are produced in composite Table 18.
The restlts of these experiments indicate that guinea pigs

inoculated with an agar Brucella culture obtained from dry strains
fell i1l after 6eB days with symptoms of exhaustion and a loss of
weight by 20=30%. Dissection of dead. and killed puinea. pigs showed
marked enlargement of the lymphatic glands and, in indiﬁdual cases,
even an enlarged spleeny and in 70=80% of the cases a Brucella
culture was recovered, From the experiments analyzed in tables 17

and 18 we can see that dry cultures of Brucella possessed the

capacity of stubbornly retaining their virulence for a very long time.

hs a result of all our studies it was determined that cuitures
of the brucellosis pathogen kept for L years in a dry state possessed
typicel morphological, cultural, and agglutinative properties with ne

deviations from the normal in their virulence.

Dry Cultures of the Pathogen of Anaerobic Dysentery in Lambs

For our study we selected 2 strains of the pathogen of
anaercbic dysentery in lambs (Nos 1 and 4). Before desiccation the
strains wers examined for culturel, morphological, virulent, and

toxic properties.

In meat-liver broth under vaseline oil youny cultures showed

luxurieus growth with gas fommation 7=8 hours after seeding. Under
the microscope smears and hanging drep preparations showed thick
isolated rods taking a good Ziehl's fuchsin stain and a good Gram

atein but lacking mobili ty.
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TABLE 18

COMPOSITE DATA TROM TESTI THE VIRTLENT PROPERTTLS ARD AGOLY LITY OF DRY TULTUR

OF BRUCELLA DVRING THE 4~YFAR STOR P¥RIOD
Yo of inocu- Dilution of Serum of Killed
Strain lated ruinea . Guinea Pigs Results of Bacteriolegical
Name of Culture No rigs Died ¥illed )k > 1:50 1:100 1:2C0 Examination

Br. bovis 1,425 12 1 - E ++

1

.

=

o
i

Er. bovis 1,004 6 e +r

Brucella culture recovered
Pr. suls 1 12 kb

from 70-80% of guineca pigs
Br. suis 39 6 v

Br. melitensis 10 B bt

Total
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In testing the biochemical properties of original strains
of anaerobic dysentery in lambs by seeding media containing sugar
'we detemined that the cultures posserssed the capacity torspl'it
glucose, lactose, sucrose, levulose, and maltose with the formae
tien of acid end gss, did not changs mannite and dulcite and

rapidly coagulated milk.

Guinea pigs inoculated subcutancously with a 24«hour broth
cul ture-of the lamb dysentery pathogen in a 0.3 ml dose died after
2 days. At the injection site there developed characteristic 7
pathoanatomical lesions in the form of pronounced edema in the
region of the subcutsneous connective tissiue.
intravenously with an 8<hour broth culture in a 0.2-ml dose died

within 7«10 minutes from intoxication.

The tested cultures of the pathogen of anaerobic dysentery
of lambs were transferred to meate-liver broth under vaseline oil
and cultured for 12 hours. After macroscopic and microscopic
examination for purity and typical growth normal hors
added to the culture in the proportion of one part culture and 2
parts serumes Microbial suspensions thus prepared were freezee
dried in a vacuum apparatus. Further examinations of the dried

cul tures produced the following resul ts.

Vegetative properties. Ampules with a culture of the
pathogen of lamb dysentery were tested for vacuum before transfer
to culture media. After this the contents of the ampules were
dissclved in a2 physiological saline solution and transferred to
meateliver broth under vaseline oil. After 6 to 8 and rarely 12
hours in a themestat the cultures showed rampant growth with the
formation of gas. Tests of lamb dysentery cul tures kept in a dry
state for 35 months showed that they possessed pronounced vegeta=
tive properties.

e ll]l -
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Cultural bilochemical properties. i jpic examination
of cultures of lamb dysente:' cbtained directly from ampules after
dissolving the contents and from transfer culture growths showed
that the microorganisms are isolated thick bacilli (Figures 26 and
27) not possessing mobility. The microbes took good Ziehl. fuchsin

and Gram stains,

The dry cultures of lamb dysentery transferred to media cone
teining sugars split glucose, lactose; sucrose, levulose, and:-
maltose with the formation of acid and gas, did not change mannite

and dulcite, but rapidiy codguiated milk.

Virvlent and toxic properties. The virulent properties of
Ldry cultures of iamb were tested by the inoculation of .
guinea pigs. The gulnea pigs which were inoculated subvutaneously
with a 0.2eml dose of a 2i-hcur broth culture obtained from dry

cultures died within 2e25 days and dissection showed a patho=

ana tomical picture char

The toxicity of dry cultures of lamb dysentery was tested on
rabbits. The rabbits were inoculated intravenously with 8 to 10=
hour growths obtained from dry strains. As & result of the experi=~
ment we found that the cultures possessed very great toxicity.

For instance, in a dose of 0.1, 0.2, or 0.3 ml the cultures cauzed
death in rabbits from intoxication in 5, 6, 8, and 10 minutes.
Seeding media with blood from the hearts of dead rabbits usually

produced growth of a pure culture of the lamb dysentery pathogen.

Along with a study of the toxic properties of a fresh broth
cul ture of the lamb dysentery pathogen we thought it very important
to. test the retention of toxin in the dry culture itself. In our

opinion, this would enable us to estsblish the preservation not

- 1i2 -
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only of vegetative and viruient properties in the dry state but the

rabbits intravenously with 0.2 ml of a dry culture dissoclved in a

physiological solution.

The results of testing the virulent and toxic properties of

cultures of lamb dysentery are presented in Table 19,

From the table we see that dry cultures of anaercbic dysen-

o

ed not only virulent but

35 months. GCuinea pigs inoculated with a broth growth obtained

jectiny a culture into the suocutaneous connective tissue of guinea

pigs, edema developed as a rule.

In studying the toxic properties of dry cultures following
35 months of storage under vacuum it was established that broth
growths obtained from dry cultures as well as the dry cul tures
themselves contain a sufficient amount of toxin to cause the rspid
death of a rabbit following intrevenous injection of a 0.2-ml dose.
The preservation of toxic properties of cultures of the pathogen
of lamb dysentery has been confimed by numerous experiments dur=
ing the course of 35 months (after 6, 12, 24, 30, and 35 months).

The results of these experiments are presented in Table 20.

All our evperiments brought out evidence of the possibility
of preserving the cultural, morphological, virulent, and toxic
properties of dry strains of the lamb dysentery pathegen for a

long time.
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TABLE 19
VIRULENT AND TOXIC PROPFHTI S OF DRY CULTURTS OF T PA7HO
Name of Strain Lensth of Gtorage No of inocu= Method of Dead as a Result of
Culture No (months) lated animals inoculatidn Tnoculation

2h=hour broth culture# 35 Subeutaneous 2 after 2-2.5 days

8=hour broth culturex 35 rakly Intravencus o2 > after 6~8 minutes

Dry culture 35 rablits Intravencus . after 12-17 minutes
2li=hour broth cultures 35 puines plgs Sukcutaneous 5 2-2.5 days
8=hour broth culturex 35 2 rabbits Intravenous 5-8 minutes
Dry culture 35 2 rablbits . aller 8-12 mirmtes

#Broth eulture obtained by transferring a dry dysentery cultwre to meat-liver broth under vi

TABLE 20
COMPCSITE DATA FROM TESTING 7TOXIC PROY ORY CULTURES
DURTING A 35-¥CNTH STOR PERTOD

No of No of Rabbits
No Experiments Inoculated Inoculated with Vhat Inoculation Method Dose Died as a Result of Inoculation
1 5 8 6=8-hour hroth cultures Intravenous 0.1 zfter 5-8-10 minutes
042
L 5 8 é=B-hour broth culturest Intravenous ‘ C.3 } after 5=8=9 minutes
0.3
1 3 6 dry enlture Intravenous ‘ 0.2 after 7-14-17 minutes
0e3
L 3 é dry culture Intravenous 0.3 after 6-8-12 minutes
Total 28

#The broth culture was obtained: by transferring a dry lamb dysentery culture to meat-peptone~broth under vaseline oil.

| |
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Th, for preserving toxin in dry cultures of the

Jamh dvasnterv nathneen far olmnet  wreone $a
o & SRSV S R

& S S )

nificance for veterinary medicine since it permits us to use dry
standard toxin for titering vaccine and serum for anaerobic

dysentery of lambs, In addition, the drying method enables us to
preserve the virulent and toxic properties of this pathogen for a

long time in order to make high grade biological preparations.

A supplementary test of 2 strains of the pathogen of
anaerobic dysentery of lambs (Nos 1 and L) showed that the culture
possessed vegetative and toxic properties when examined 5
after desiccation. For instance, following intravenous inocula-
tion with a O.l-ml dose of dry lamb dysentery culture white mice
died in 3-7 minutes, Rabbits inoculated intravenously with a 10=-
hour broth culture in 8 0.3=0.5-ml dose died in 8=10=1% minutes

from intoxication.

As we know, preserving cultures of the sirangles streptoe
cocous in culture media is quite difficult. In practice it net
infrequently turns cut that the sireptococci soon die when kept

in culture media. This situation long ago brought out the neces-

sity for having an improved method for keeping these cultures.

For our study we selected 3 strains of the strangles strepto-
coccus (Nos D9/1, D9/2, and D9/3). Before desiccation the strains

were tested for cultural, morphological and virulent properties.

Ordinarily for growing cultures of the strangles strepto-
coccus we use meat-peptonesbroth with normal horse serum added.
However, we have recently started to use Muromtsev's semiliquid
agar and this medium has been acceptable since the streptococci

grow intensively in it.
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In testing the culbural and morphological properties of
strangles streptococcal strains grown on semiliquid agar and
selected for the experiment we determined that a 2u<hour growth

consists of individual cocci and short chains.

The streptococcal strains caused the death of white mice

20=30 hours after intraperitoneal injection of a O.l-ml dose.

For desiccation the tested streptococcal cultures were -
transferred to semiliquid ager where they were cultured for 24 .
hours. After macroscopic and microscopic tests for purity and
typical growth patitern i}i_‘xepultureg were split up into ampules

and desiccated.

During our first experiment the streptococcal cultures

that the semiliquid agar in sn amount of 0.2% in which the
streptococci were grown might serve as a protective medium during
freeze=drying. However during storage it was determined that
streptococcal cultures dried without the addition of nommal
serum did not possess the capacity for retaining their vegetative
properties for a long time. For instence; two of the three dried
strains did not grow when semiliquid agar was secded with them

after 12-15 months of storage.

Thus, the attempt to produce high grade dry cul tures of
streptococcus without the addition of normal serum for a protective
colloid was unsuccessful in our experiment. Because of these
circumstances the experiment in drying these strains of strepto=
coccal culture was repeated but this time we used normal serum as

a protective medium.

- 16 -
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For purposes of desiccation the streptococcal cultures
were culbivated ii il 1igula-ag i hot After-a
macroscopic and microscopic examination for purity and typical
growth we added normal horse serun to the culture in the pro-
portion of one part culture and 2 psrts serum. These cultures
were dried from a frozen state in a vacuum apperatus. Further

examinations of the dry cultures of the strangles streptococcus

produced the following results.

Vegetative properties. Before transferring to nutritive

media the ampules with dry streptecoccal cultures were tested

for vacuum after which the cultures were dissolved in a piiysio= "

logical saline solution and transferred to semiliquid apar. Some
iy hours later there was usually luxuriant growth of the strepto-
coccal culture o : Th ¢ T showed that

cultures of strangles streptococci kept in a dry state for 3

years under vacuum possessed pronounced vegetative properties.

a Y -
TROLOE

R R
&

Cultural and ino. ical p

at studying cultural and morphological properties showed that
2u=hour growths of streptococcil obtained from dry strains cone
tained isolated cocci and short chains. The streptococci took

a good aqueous fuchsin and L8f£fler's blue stain. Surface streaked
cultures of streptococcus on bilood agar in Petri dishes showed
pronounced growth after 24 hours in the form of tiny whitish
colonies with a clear zone around them (hemolysis). This zone

later increases markedly, reaching total hemolysis of all the

erythrocytes in the agar toward the fourth or fifth day.

Dry cultures of streptocoeci, as shown by the experiments,
possessed their charcteristic weak blologlcal properties. For
instance, the streptococci split glucose and sucrose with the forma-
tion of acid, did not change lactosse, maltese, raffinose, and mannite

and did not coagulate milk.
- 147 -
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Virulent properties. The virulent properties of dry
cptococei were tested by inoculating white mice

intraperitonsally with a O.leml dose of a éu-hour growth
cultured on semiliquid agar by transference of dry sirains,
The streptococcal cultures kept under vacuum in a dry state for
3 years possessed pronounced virulence, caus‘ing death in white
mice within 20=26 hours. In all cases we were able t¢ recover
a culture of the strangles strepf.bcoécrﬁbs“ifroﬁxly c cardiéé blood g

of the dead mice.

The data from thesé e)&perimérxts are ’.preéén"r,ed :m’l‘ablc A5

The virulent properties of dry. streptococcal cul tures were -
tested several times during the course of the 3=-year storage
6, znd 36 months). The results of these

tests are shown in composite Table 22.

hs we see from tables 21 and 22, the streptococcal cultures
possess-pronounced virulent properties.
that desiccation allows the preservation for a long time of
cultures of the strangles streptococcus, with the cultural, morpho-
logical, and virulent properties of the microorganisms undergoing

no changes during the process.

An additional test of 3 strains of the strangles strepto-
coccus (Nos D9/1, D$/2, and D9/3) 5.5 years after desiccation also
showed that the dry cultures possess good vegetative propertics

and a high virulence for white mice.

\ i
!
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Strain No Lensth of Storage (months) No of Mice Tnoculated Tnoculation Method Dose in ml Tied as a Result of Inoenlation

D9/1 36 3 intraperitoneal Cel 3 after 18-22-26 howrs
D9/2 36 3 oneal 0l 3 after 20-24-26 howrs |
D943 36 3 intraperitoneal Gol ~ 3 after 22-22-26 hours
1
E UBLFE 22
) COMPOSITE DATA ON TISTING TIE VILULENT PRCPFTITITS 07 TUY AULIURES ;‘;
- 2 STRIPTOCOCCT DIRING TUE 3-YiaR P FRTOD 4 ’
Strain No No of Experiments No of Mice Inoculasted Inoculation Method Dose in ml  Died as a Result of Tnoculation i
D9/1 5 15 intraperivoneal S 0.1 15 aftor 18-20-28 hours
ng/2 5 15 intraperitoncal S 15 after 17-22-26 hours

n9/3 5 15

Oal 15 after 16-24~28 hours
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As already indicated, for detemining the virulent
properties of dry microblal cultures we used grcwtihs on broth™
snd agar obtuined by cultivatlon of dry strains. However we
thought it necessary to test the wvirulence of the dry strains
directly. For this purpose we used dry cultures immediately
after their dissolution in a physiological solution. As a
result of our experiments we found that dry cultures kept for
32 months possessed virulent properties for white mice but in
higher doses. For instance, while cultﬁres of the pathogen of
calf and pig paratyphoid fever cbtained by cultivation from dry
strains caused death in white mice in doses of one and 10

million bacterial bodiss, the dry cultures administered

caused death in white mice only in much larger doses. ke found
approximately the same virulent properties in the dry cul tures
of Pasteurella which caused death in white mice in a O.2-ml dose
of 1:100 dilution but did not cause death in a 1:1,000 dilution.
This is explained by the fact that the number of living microbial
cells in the cultures decreased markedly as ¢ result of desices=

tion and prolonged storage.

Dry Cultures of the Malignant Anthrax Pathogen

Cul tures of malignant anthrax are not labile but they are
much more easily and simply preserved in a dry form. For this
reason at the State Institute of Control all productive strains
of malignant anthrax are kept and distributed to the biological

preparations plants-only in a dry form.

The malignant anthrax strains are dried in the same manner
as the other cultures of which we have been speaking, In practice
the institute uses 20 dried productive strains of the malignant
anthrax pathogen.
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virulent properties are coupletely retained. For instance, on

meat~peptone~agar grow typical R-shaped colonies (Figure 28), while
in meatepeptone~broth ths culiures grow with characteristic clarie
fication of the medium and the formation of clumps on the bottom

of the test tube.

In a morphological sense the bacilli oi malignant anthrax
from a 2us=hour broth culture made from dry sirains are typical rods

with slishtly rounded ends (Figure 29) and the involution forms

of microbes are lacking.

lshen tested for blochemical properties all strains of dry
cl tures of malignant anthrax manifest weak fermentative properties
typical of the cultures, split up glucose, sucrose, and maltose

wlth the formation of gas but do not change lactose.

ixperiments to test the virulent properties ol dry cultures— e
of malignant anthrax over a period of 3 years showed that all the
strains possessed great virulence. They caused desath in rabuvite
inoculated in doses covered by current instructions within a

period of 36, 4B, 60, and 72 hours.

The use of dry strains of malignant anthrax for cultivation
and the preparation of antigen in the hyperimmunization of horses
which produ'ce antianthrax serum has shewn that the strains have
prenounced antigenic properties. This fact can be econfirmed by
the fact that the antianthrax serum obtained possessed very active

properties against malignant anthrax.
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In adoition to-the microvisl
laboratories of the State Control Institute dry many other species
of microorganisms, for example, cultures of pullorum disease,

glanders, parutyphold abortion of mares, etce

L study of the physicochemical properties of dry cultures
(ph of the medium, residual moisture, and viscosity) showed the
following. - The reaction of the medium in cultures following
desiccation shifis somewhat toward alkalinity. The residual
noisture in dry culiures does not exceed O.ik=0eT7% when determined
in @ desiccator over caldium chloride under vacuum and 1.0-1,5%
when lesied in a drying cavinet at 105%,  The viscosity of cul tures
as a result of desiccation undergoes almost no chanjes. We deters

minied! viscosity by Determan's method.

The results of our examinations in this area are provided

in Table 23.

TABLE 23
RESULTES OF TESTING pH, RESIDUAL MULSTURE,
AND VISCOSITY OF DRY FICRO FLAR
CUL TURES
Residual

Name of Culture Cnlture Type Moisture Viscosity
Salmonella enteriditis agar 1.6
Salmonella enteriditis dry [ 1.7
Salmonella cholerse-suis 1.5
Sslmonella cholerae-suis dry 1.5
Srucella suis 1.6
Brucella suis 1.8

Pasteurella sulseptica

Pasteurella sulseptica
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In deseribing the method for drying microbial cultures used

in-the Stote Control Institute we must indicate the methods for

H

drying microorganisms used in medical insti'b‘u{és: For 111;s;tén<;ev,

A. Klimentova, R. Kruk, and G. Yaimol'chuk dried bacterial cultures
of diphtheria and Shiga and Flexner dysentery. The cultures were
freeze~dried under vacuum with nommal serum used se a protective
medium. When the dry cultures were tested the authors found that

diphtheria microbes retained cultural, bilochemnieal, and virulent

properties for 4 years while the microorganisus of Shiga and

Flexmer dysentery retained their cultural, toxigenic, and agglue- <

tinogenic properties for.6 years, .

K. Ye. Dolinov and L. B. Balsyan dried pneumccoccal cul tures .
from a frozen state under vacuunm. They used normal serum and
culture broth as a proteciive medium. 1n describing thie desicca-
tion method the authors point out that the prefreezing tempera ture
for pneumococcal cultures of between =20° and «70° has the same
effect on the viability of microbes.
the terperature of «78° for prefreezing is unnecessary since the
temperature of =20° assures equally successful desiccation of the

microbes.

K. Ye. Dolinov and L. B. Balayan established the fact that
a serum medium is much more effective since the viable properties
of the pneumococci are better preserved with it. The viasble
properties of the microbes are likewise better preserved during

storage under vacuum,

S. 5. Hechmenskiy reported on the successful desiccation
and storage of Escherichia coli and Vibrio aquatilis. The

cultures were dried from a frozen state in a vacuum apparatus.
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For freezing ther used temperatures between -20° and -75°, but
Recﬁnenskiy belicves Lhart =20° would be enough since this cooling
temperature assures the production of high grade dry cul tures.
The dry culture of Vibrio aquatilis is easily restored by trans-
fer to agar plates but the activity of growth of the Vibrio and
its mobility in the first generation was wesker than the Vibrio
strain in the control culture. This difference soon disappeared
in later generations. When studying Escherichia coli Rectmenskly
discovered that with regard to morphology, acid-formation -from
lactose, toxicity for rabbits, and agglu'tinative properties

the drfy culture behaved in a typical fashion., The effectiveness
of the storage method and the use of microbial cultures in the
dry fom has now been confimmed by its use in many microbiological
institutes of the Ministry of Public Health USSR (Institute of

Epidemiology; Hicrobiology, and Infectious Diseases of the

Lcadeny of Medicine USSR, Central State Control Institute imeni

Tarasevich, and a number of other institates).

Mo M. laybich, using sucrose and agar in drying bacterial

culiures, opserved that sucrose increases the resistance of

bacteria to freezing, desiccation and in part to storage while
agar contributes to & longer preservstion period for the cul tural
and biological properties of microbes in a dry stsie., The use

of gelatin is cormected only with the necessity for improving drye

: conditions.

¥e cannot however agree with <his fully, since the dying
process among microbial cells of many dry cultures prepared with
the addition of sucrose and gelatin, in the experiments of Kozlov,

Del'nik, and Vinogradov, was guite intense. The number of dead
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microbial cells in many cultures during storage in a refrigerator
(+2%, «4°) during the course of a vear increased to extremely
grest dimensi@s. For instance, the number of viable microbes of
Escherichia coli dropped to 8.3%, of paratyphoid A to 0.76%, of
paratyphoid B to 3.1%, of brucellosis to 3.4%, Flexner's dysentery
to 1%, an ie's dysentery to 0.7%.

dying process in microbisl cells of cultures dried with the addie
tion of sucrose and gelstin had a very rapid course zna this
might be caused onl v the insufficient richness oi the drying

medium, that is, sucrose and gelatin.

This fact is confimmed by our experiments and the. experie

f micrones were received vhen normsl serum was added as & pro=
vective medium for desiccation. For instance, in our expe¢riments
on drying Salmoneila enteriditis with serum and in studying vi=
ability factors it was determined thst after 3 vears of preservae
ion the of v

gelatine the culture no longer produced any growth when trense

ferred to culture media. It must be pointed out that in our exe

perinents the dry Salmonella enteriditis cultures were kept at
0

ordinery room temperatures of 15, 20° 5 and 27° while in Kozlov's,
Del'nik's, and Vinogradov's experiments the ary cultures were

stored at a more favorable temperature of *20, -4°,

Analogous results were obtained by Dolinov and Balayan._
Dry pneumococeal cultures, dried with serum, retained 33-79%
viable cells after 38 months while in a pneumococcal culture
dried with nutritive broth there remeined only 2,8-8% viable

cells after the same time.

. ) 1
. )
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G. V. Vygodchikov, in treating problems oi preserving
microbial cultures used for 'making vaceine preﬁara tibus, points
out that for this purpose a fully satisfactory method was that
of drying microorganisms in a vacuum apparatus from a frozen
state. The author believes that for a basic improvement in vace
cines, used for the prevention of intestinal infectione, we

need to use the principles of controlled variability of microbes
and the selection of the most immunogenic strains with subse-
quent preservation of their biclogical properties through desiee

cation.

Ig 1950 M.V, Pelevina's work on drying micrebes at the
Central Control Institute imeni Terasevich was pubiished, The
suthor reports that desiccation took place at first in a
desiceator without a vacuum and then in a Plosderf vacuum apparatus,
showing the superiority of drying the microblal cultures from a
frozen state in a vacuum apperatus. 1In the first experiments M.
ied typhus and psratyphoid A and 9 cul tures on
filter paper which was impregnated with & culture washed from
agar by normal horse serum and placed in ampules. A study ef

these cultures after 30 months storage in a dry state showad that

they had not changed their biological properties.

In subsequent experiments M. V. Pelcvina dried 65 strains
of various microbial cultures including 251 strains of Shiga
dysentery, 11 strains of Schmitz-Stuizer's dysentery, 6 sirains
of Sonne's dysentery, 2 strains of typhoic fever, S sirains of
Escherichia coli, 4 strains of staphylococcus, etc. For drying
media M. V. Pelevine used normal horse serum, a gelatine-agar

cul ture with sucrose, and skimmed milk. Cultures of 0.2 ml in
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ampules were dried in a manifold vacuum apparatus for 6 hours.

n additional 10-hour desiccetion took place with the vacuum -
punp turned off. By detemmining the number of viable microbial
cells in the dry cultures, M. V. Pelevina came to the conclusion
that the gelatine-agar-sucrose medium had greater protective

properties.

However, it must be pointed out that the percentasge of
dying microbial cells in all cultures including those with the
gelatine=agar-sucrose medium was extremely high (99.5, 99, 95,

90, 85)s The amount of residual’moisture in the dry cultures was
S5=1l%. The data cited by’kPelevina on the effectiveness of the
serum medium for the desicca tikon’ of cul‘tures are at great diver=
gence with the data obtained by K, Ye. Dolinov and the author of
the present books Unfort<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>